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ABSTRACT 
Hot Mix Asphalt (HMA)  is  particulate  composite  material  consisting  of  mineral 
aggregates,  asphalt  binder  and  air  voids.  Asphalt binder is considered as the most 
expensive and economically variable material. Because of the increase in energy cost,  
the need  for  improvement  of  pavement  quality  as  well  as  concern over pollution 
and alternative  binders  are  needed  to  modify ,  partially  or  totally  replace asphalt 
binder. 
The aim of this research is to investigate the effect of ANSS on the conventional 
parameters of ANSS modified bitumen, to study the volumetric properties of Marshall 
Mix and to check the performance of mixture (moisture damage resistance by using 
Indirect Tensile Strength (ITS)) of Anyways Natural Soil Stabilizer (ANSS) modified 
bitumen. 
The test has been conducted on five binders namely 0%, 3%, 6%, 9%, and 12% ANSS by 
weight of asphalt binder.  
Common laboratory tests was performed on the modified bitumen asphalt mix using 
various proportions of ANSS and thus analyzed. Marshall Stability Method was used to 
determine the Optimum Binder Content (OBC) and to evaluate the properties of the 
mixture of ANSS modified binder.  The result show that OBC of 5.32%, 5.63%, 5.70%, 
5.73% and 5.75% is obtained for the mixture of neat binder, 3%, 6%, 9% and 12% ANSS 
modified binder mixture respectively. From the result, as ANSS content is increased, 
higher binder consumption  
This study, also attempts to study the resistance of moisture damage of the mixture and 
the result shows that an increase in the resistance of water damage of mixture as 
increasing the replacement of bitumen by ANSS. Overall the resistance of moisture 
damage increased by 18.5% for dry and 30.2% for wet conditions as the ANSS content is 
increased to 12% by mass of bitumen. Besides, from the MSCR test result, the rutting 
resistance of the HMA is predicted to be increasing up to 9% ANSS content in the 
replacement of binder.  
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Even though the OBC is increased with an increase on the replacement of bitumen by 
ANSS, due its resistance to moisture damage, ANSS modified binder can be an option in 
high moisture induced areas. 
Key words: Hot Mix Asphalt, Anyways Natural Soil Stabilizer, Optimum Binder Content, 
Indirect Tensile Strength Test , moisture damage, rutting resistance 
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CHAPTER 1 INTRODUCTION 
1.1 Background of the study 
It is known that the availability of a road network of an appropriate level of service and 
quality is vital in facilitating the overall economic development of a country. In this 
regard, Ethiopia, as a country which is on the fast- track of rapid economic development, 
obviously requires a road network which is able to cater for the vast traffic/transport 
demand. To this end, the Ethiopian Roads Authority (ERA) is expediting the 
construction of new roads and rehabilitation/upgrading of existing roads of varying 
functional classification. 
However, in recent years, the quality of many of the major trunk roads in the country has 
been compromised, as many of the roads have experienced deterioration, which has 
given rise to the need for the periodic maintenance and rehabilitation.   One of the major 
types of distresses observed on major sections of the trunk roads is permanent 
deformation in the form of rutting. An  increase  in  the  severity  and  extent  of  
permanent  deformation  (rutting) over  considerably visible stretches is observed on 
many of the existing trunk roads. 
Rutting  in  paved  roads  is  defined  as  the  formation  of  twin  longitudinal  
depressions  along  the wheel  paths  mainly  caused  by  progressive  movement  of  
materials  due  to  repeated  loading. Depending on the magnitude of the traffic load and 
the relative strength of the pavement layers, rutting can occur in the upper HMA wearing 
course, base or subgrade layer or in a combination of these layers. Permanent 
deformation in paved roads can be attributed to various factors such as the pavement 
structure, quality of individual constituent pavement materials, magnitude and regime of 
loading, environmental factors, such as moisture temperature, and others. 
Hot Mix Asphalt pavements serve in a multitude of traffic and environmental conditions, 
demanding that the materials and design meet specific engineering requirements. 
Therefore the main objective of HMA mix design is to determine the combination of 
asphalt cement and aggregate that will give long lasting performance as part of the 
pavement structure. It involves laboratory procedures developed to establish the 
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necessary proportion of materials for use in the HMA. These procedures include  
determining  an  appropriate  blend  of aggregate  sources  to  produce  a  proper  
gradation  of mineral aggregate, and selecting the type and amount of asphalt cement to 
be used as the binder for that gradation. In the HMA mix design process, care must be 
exercised while selecting the type of ingredient materials and their relative proportion in 
the mixture. This will enable the mix designer to get the desired mixture property. HMA 
is a mixture of binder, aggregate, and air in different relative proportions that determine 
the physical properties of the mix and, ultimately, how the mix will perform as a finished 
pavement. Many different, and sometimes conflicting, performance demands are placed 
up on the asphalt mixtures and this makes it a complex material.  
The main objective in the design of HMA mixture is to determine cost effective 
proportion of ingredients in the mixture having the following properties. 
1. Durability: The mix should provide adequate durability as a paved road, where it 
must not suffer excessive aging and hardening during production and service life. 
2. Stability: The mix must provide sufficient stability under traffic loading through its 
service life. The stability of a mixture under traffic load is the amount of resistance 
to deformation.  
3. Fatigue resistance: The mix, as a paved road, must resist cracking effects that may 
induced due to repeated traffic loading over time. The cracking of mixes under 
repeated traffic loading over time is referred to as fatigue cracking.  
4. Air voids content: There must be sufficient voids in the total compacted mix to 
allow for a slight amount of additional compaction under traffic loading and a slight 
amount of asphalt expansion due to temperature increases without flushing, 
bleeding, and loss of stability.  
5. Low temperature cracking: HMA pavements may be subjected to high cooling 
rates during low temperature seasons. The low temperature develops tensile stress 
due to shrinkage which eventually develops transverse cracking when the tensile 
stress exceeds the fracture strength of the mix.  
6. Moisture damage resistance: HMA must be resistant to moisture induced 
damages. This property is mainly influenced by the characteristics of aggregate with 
asphalt binder and air voids. Some aggregates are characterized as more water 
loving (hydrophilic). Bituminous mixtures containing water loving aggregates if 
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subjected to water or moisture, adhesion between the aggregate and asphalt binder 
may loose (or weaken) and finally may result stripping.  
7. Skid resistance: HMA designed for surfacing should provide sufficient resistance 
to skidding.  
8. Workability: The mix must be capable to provide sufficient workability and hence 
permit efficient placement and compaction of the mix with reasonable effort without 
segregation, sacrificing stability, and performance. 
By considering the above control objectives during HMA mix design process, well 
designed bituminous mixtures can be expected to serve successfully for many years 
under the variety of loading and environmental conditions. The most common methods 
used to go about HMA mix design are the Hveem, Marshall and Super pave methods. 
Using either mix design method, the final goal is to select a unique design asphalt 
content that could achieve a balance among the various desired objectives. This means 
that there is no single asphalt content that will maximize all of the above objectives; 
instead, asphalt content is selected on the basis of optimizing the properties necessary 
for the specific conditions. The performance of bituminous surfaced roads is directly 
affected by the proportion and quality of ingredient materials in the mixture. Different 
studies revealed that certain modifications in the mixture such as, changing the type, 
size and gradation of aggregate, varying the filler to asphalt ratio, type and amount of 
filler alter the physical properties of HMA concrete [03]. 
1.2 Statement of the Problem  
The most dominant mode of the transport in Ethiopia is the Road Transport, including 
the passenger traffic and the freight transport. In Ethiopia, flexible pavement type of 
construction is preferred over the rigid pavement type of construction due to its various 
advantages such as low initial cost, maintenance cost, etc. In spite of the prominence of 
the surface transport, most of the roads are poorly managed and badly maintained. 
Bitumen is used as binder and water proofing material for construction of roads, 
pavements and air field surfacing for several years. The demand of bitumen has 
increased tremendously because of rapid urbanization in recent years. The objective can 
be achieved by enhancing the durability of existing road surfacing which will result in 
reducing maintenance and resurfacing operations. 
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Over the past 15 years, Ethiopian government had invested a huge amount of money in 
the field of road construction to reach excellent pavement performance.  However, these 
roads show early signs of distress such as rutting and fatigue cracking. The pavement 
distress is due to change in weather and high traffic loads. Environmental condition and 
heavy loads affect directly the durability and pavement performance.  Modified bitumen 
is one of among different solutions for pavement distress. A better  understanding of the 
rheological properties of  binders  strengthens  the  ability  to  produce  durable  asphalt  
concrete  pavements  and  to  increase pavement life. 
Conventional way of road construction have been experiencing problem of premature 
failure of pavements like potholes, roughness, and cracks which leads to poor 
performance of roads and its life. ANSS modified bitumen will have an advantage of 
higher resistance to deformation at elevated pavement temperature, better aging 
resistance properties, higher fatigue resistance, better adhesion between  aggregates  and  
binder,  prevention  of  cracking  and overall improved performance in extreme climatic 
conditions and under heavy traffic conditions. 
Performance of roads with regards to rideability and roughness is known to have a 
significant cost implication to the road users in terms of operational cost, in addition to 
affecting their safety and comfort. Permanent deformation in paved roads can be 
attributed to various factors such as the pavement structure, quality of individual 
constituent pavement materials, magnitude and regime of loading, environmental factors, 
such as moisture temperature, and others.  
Stripping happens when water infiltrates between an asphalt film and the aggregate 
surface, and replaces the asphalt aggregate's coating. This situation causes a loss of bond 
between the aggregate and the asphalt cement. The most serious consequence of 
stripping is the loss of strength and integrity of the pavement. Stripping failures within 
the asphalt pavement structure can facilitate or translate into various types of pavement 
failure such as fatigue cracking, rutting, raveling and potholes. This condition makes 
driving dangerous, and driving comfort and safety are often compromised. 
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1.3 Research Questions 
1 How the ANSS will affect the volumetric properties of ANSS modified bitumen 
mixture 
2 How the ANSS will affect the peformance of ANSS modified bitumen mixture 
1.4 Objective of the Study 
1.4.1 General objective of the study 
The general objective of the study to evaluate the effect of ANSS modified bitumen on 
asphalt performance under different mix proportions  with  addition of ANSS to choose 
better asphalt concrete mix which is less susceptible to permanent deformation and 
moisture damage resistance of the asphalt mixture. 
1.4.2 Specific objective of the study 
The Specific Objectives are:- 
1. To experimentally examine the quality of aggregate such as Specific Gravity, Los 
Angeles Abrasion, Aggregate Crushing Value, Gradation. 
2. To investigate the effect of ANSS modified bitumen on overall physical 
properties such as stability, flow and volumetric properties.   
3. To compare the performance of unmodified and ANSS modified binder of 
asphalt mix. 
1.5 Significance of the study 
 To solve the problem of performance related failures or defects on the surface 
layer of pavement. 
 The possibility of having investment on the production of local ANSS material 
by using locally available materials. 
 Creating further research opportunities. 
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1.6 Scope and Limitation 
This study had a set of limitations and criteria that were taken into account during the 
experimental work. The research reported herein was focused on bitumen conventional 
properties and asphalt concrete characteristics such as the Marshal Properties and 
performance check in asphalt concrete. The materials selected for this study were 
collected from different sources. The aggregate material is collected from China Road 
and Bridge Construction (CRBC) quarry and crusher site located at ‘Kality’ Addis 
Ababa and bitumen grade of 60/70 from ERCC (Ethiopia Road Construction 
Corporation). All these materials were tested in the Highway laboratory of AAiT (Addis 
Ababa institute of Technology) and CRBC and then evaluated. The mixtures were 
prepared using different amount of ANSS. From different mix design and moisture 
susceptibility tests results produced in this research were based on Marshal Mix Design 
and moisture susceptibility test. 
1.7 Organization 
Chapter  one  defines  the  overall  importance  of  the  problem  areas  and  provides  an 
introduction  into  what  the  research  is  all  about,  chapter  two  deals  with  literatures  
on basic  pavement  concepts  and  pavement  materials  and  past  studies  and  works  
on pavements of ANSS ingredients as  a construction  material.  Chapter three describes 
how the experimental work is done with detailed procedures and the results are analyzed 
and discussed in chapter four. Conclusions derived from experimental results and 
recommendations for this study and other further studies are presented in chapter five. 
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CHAPTER 2 LITERATURE REVIEW 
2.1 Introduction 
Asphalt is known as brittle and hard in cold and soft environments respectively. As a 
pavement material, it is characterized with a number of failures represented by the low 
temperature cracking, fatigue cracking, and the rutting (permanent deformation) at high 
temperature, causing its quality and performance in pavement of roads to decrease [01].  
Asphalt is basically a mixture of natural raw materials: coarse and fine aggregates, filler 
and bitumen. In addition to these standard materials from natural sources, some 
additives may be incorporated to influence the performance of the product [02]. 
The design of asphalt paving mixes is largely a matter of selecting and proportioning the 
ingredient materials to optimize all desired properties in the finished paved road [03]. 
Different studies revealed that certain modifications in the mixture such as, changing 
the type, size and gradation of aggregate, varying the filler to asphalt ratio, type and 
amount of filler alter the physical properties of HMA concrete [04]. 
The purpose of this chapter is to review the literature on various studies have been 
conducted not exactly on the properties of HMA using ANSS modified rather on the 
ingredients of ANSS particularly on lime and cement. In general the main objectives of 
this research is for using ANSS modified bitumen technology in asphalt concrete 
pavement industry. 
2.2 Road Pavement  
Road pavements are designed to limit the stress created at the subgrade level by the 
traffic travelling on the pavement surface so that the subgrade is not subject to 
significant deformations. The pavement spreads the concentrated loads of the vehicle 
wheels over a sufficiently large area at subgrade level. At the same time, the pavement 
materials themselves should not deteriorate to any serious extent within a specified 
period of time. 
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Road pavement can be categorized to two groups flexible and rigid. Flexible pavements 
are those which are surfaced with bituminous (or asphalt) materials.  These can be either 
in the form of pavement surface treatments such as a Bituminous Surface Treatment 
(BST), generally found on lower volume roads or, Hot Mix Asphalt (HMA) surface 
courses, generally used on higher volume roads. These types of pavements are called 
flexible since the total pavement structure bends due to traffic loads. Roads are built up 
in several layers, consisting of sub-grade, sub-base, base and surface layer; these layers 
together constitute the pavement. Because asphalt concrete is much more flexible than 
Portland cement concrete, asphalt concrete pavements are called flexible pavements. 
Asphalt concrete is composed primarily of aggregate and asphalt binder. Aggregate 
typically makes up about around 95% of a Hot Mix Asphalt (HMA) mixture by weight, 
whereas asphalt binder makes up the remaining approximately 5%. By volume, a typical 
HMA mixture is about 85% aggregate, 10% asphalt binder, and 5% air voids. Asphalt 
binder glues the aggregate together and that means without asphalt binder HMA would 
simply be crushed stone or gravel. Small amounts of additives and admixtures are added 
to many HMA mixtures to enhance their performance or workability.  
Asphalt cement binds the aggregate particles together, enhancing the stability of the 
mixture and providing resistance to deformation under induced tensile, compressive and 
shear stresses. The performance  of  asphalt  mixture  is  a  function  of  asphalt  cement,  
aggregate  and  its  volumetric properties.  Bitumen  is  the  main  component,  which  
controls  the  viscoelastic  properties  during production in the plant and service on road. 
Viscoelastic material defined as material, which store and dissipate mechanical energy 
in response by a mechanical stress [05].  
Bitumen's materials  are  viscoelastic  material  and  their  mechanical  behavior  is  
dependent  on  both  the temperature and  rate of  loading. At low temperatures and 
short loading times asphalt cements behave as elastic solids, while at high temperatures 
and long loading times they behave as simple viscous liquids. At intermediate 
temperatures and loading times, the behavior is more complex. The relationship 
between modified asphalt binders and field pavement performance is still being 
researched because many modified binders are rheologically complex. However, it is 
clear that asphalt binder and concrete modification is an effective method for preventing 
pavement distress [06]. 
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Asphalt pavements typically provide excellent performance and value. They are smooth 
and durable.  They do not require long construction times and they are easy to maintain 
resulting in minimal traffic delays.  Asphalt surfaced roads subjected to heavy traffic in 
hot climates may experience early failures in the form of rutting.  The  rutting  failures  
are  the  result  of  heavy  truckloads  with  high  tire pressures and high pavement 
temperatures. 
Careful selection of asphalt binder and aggregate combination will help in providing 
optimum performing Hot Mix Asphalt, HMA, pavements. The use of Performance 
Graded binder system has the advantage of the binder being selected based on the 
climate in which it will serve. The aggregate structure used must be capable of carrying 
the load and developing a high degree of stone-to-stone interlock that will resist shear.  
In addition to materials selection, the mix design procedure is crucial in achieving 
desired performance.  
Asphalt concrete pavements are not a thin covering of asphalt concrete over soil, they 
are engineered structures composed of several different layers. Figure below illustrates a 
vertical section of flexible pavement structure [07]. 
 
Figure 2-1. Conventional layers of flexible pavement 
2.3 Asphalt Pavement distresses- Rutting and Cracking  
 
Pavement deterioration is the process by which distresses develop in pavement under 
the combined effects of traffic loading and environmental conditions. Deterioration of 
pavement greatly affects serviceability, safety and riding quality of the road. After 
construction, roads deteriorate with age as a result of use and therefore, they need to be 
maintained to ensure that the requirements for safety, efficiency and durability are 
satisfied. Normally, new paved roads deteriorate very slowly in the first ten to fifteen 
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years of their life, and then go on to deteriorate much more rapidly unless timely 
maintenance is undertaken [08]. 
Rutting is a longitudinal surface depression in the wheel path accompanied, in most 
cases, by pavement upheaval along the sides of the rut.  Pavement rutting which results 
in distorted pavement surface is the accumulation of permanent deformation in all or a 
portion of the layers in a pavement structure.  Longitudinal variability in the magnitude 
of rutting causes roughness.  Water may become trapped in ruts resulting in reduced 
skid resistance. Increased potential for hydroplaning and spray that reduces visibility.  
Progression of rutting can lead to cracking and eventually complete disintegration.  
Repetitive application of heavy trucks with increasingly high pressure tires drives rut 
formation in high quality layers. The stresses induced near surface layers by the high 
pressure tires may exceed the ability of the materials to resist densification below 
critical void levels and subsequent densification [09]. Rutting can occur in all layers of 
the pavement structure and generally results from lateral distortion and densification. 
Moreover, rutting represents a continuous accumulation of incrementally small 
permanent deformations from each load application [10]. Another researcher defined 
Permanent deformation in the form of rutting, as an unrecoverable deformation visible 
as a depressed channel in the wheel path of the roadway. According to this researcher, it 
is a progressive movement of materials under static or cyclic loads either in the top 
(asphalt) layer or the underlying layers [11]. 
On the other hand, cracking is one of the main modes of asphalt pavement deterioration 
caused by traffic and environmental factors. Cracking of flexible pavements is based on 
the horizontal tensile strain at the bottom of asphalt concrete layer [12]. In the stage of 
crack initiation  water  trapped  in  the  cracks  and  this  led  to  reduction  of  the  
materials  strength  under repeated loading.  Due  to  the  strength  reduction  crack  start  
to  propagate  and  lead  to  pavement collapse.  The development of cracks on 
pavement surface can be due to expansion arising from variation in weather, stress from 
excessive wheel load, settlement of the base material, etc. The most common types of 
cracks on the pavement are: Transverse, Longitudinal and Alligator or Miscellaneous 
cracks. 
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2.4 Basic Procedure in HMA Mix Design  
Hot-Mix-Asphalt mixture consists of two basic ingredients: mineral aggregate and 
asphalt binder. The process in HMA mix design involves determining what type of 
aggregate to use, what asphalt binder to use and what proportion of these two 
ingredients to use so as to achieve the desired bituminous mixture performance. HMA is 
a complex material where different, and sometimes conflicting, performance demands 
are placed. It must resist deformation and cracking, be durable over time, resist water 
damage, and yet be inexpensive, readily made and easily placed [13]. 
The most common methods used to go about this process are the Marshall, Hveem and 
Superpave methods. In general, all mix design methods involve manipulation of three 
basic variables: namely aggregate selection, asphalt binder choice and optimum asphalt 
binder content determination where they are briefly discussed under this section. 
2.4.1 Aggregate Type and Quality Selection  
Aggregates (or mineral aggregates) are hard, inert materials such as sand, gravel, 
crushed rock, slag, or rock dust. Properly selected and graded aggregates are mixed with 
the asphalt binder to form HMA pavements. Aggregates are the principal load 
supporting components of HMA pavement. 
Aggregates  can  be  classified  to  three  types  according  to  their  size  distribution:  
coarse aggregates, fine aggregates, and mineral filler. Coarse aggregates are generally 
defined as those retained on the 2.36-mm sieve i.e. it comprise the portion of the 
aggregates that has large particle sizes.  Fine aggregates are those that pass through the 
2.36-mm sieve and are retained on the 0.075-mm sieve. That is, the aggregate particles 
that can fill the voids created by the coarse aggregates in the mixture [14]. Mineral filler 
is defined as that portion of the aggregate passing the 0.075-mm sieve. It consists of 
very fine, inert mineral with the consistency of flour, which is added to the hot mix 
asphalt to improve the density and strength of the mixture [15]. 
Pavement  engineers  have  worked  for  many  years  to  relate  specific  aggregate  
properties  to  HMA performance. Rutting, raveling, fatigue cracking, skid resistance, 
and moisture resistance have all been related to aggregate properties. It is essential that 
engineers and technicians responsible for HMA mix design thoroughly understand 
aggregate properties, how they relate to HMA pavement performance, and how 
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aggregate properties are specified and controlled as part of the mix design process. 
Generally aggregates for HMA are required to be resistant to abrasion, sound, clean, and 
hydrophobic.  
In addition to this the aggregate should be durable and Abrasion Resistance. Aggregates 
through internal friction and must transmit the wheel loads to the underlying layers and 
also be resistant to abrasion and polishing due to traffic. Aggregates are subject to 
crushing and abrasive wear during manufacturing, placing, and compaction of HMA. 
They must be hard and tough to resist crushing, degradation; disintegration when 
stockpiled fed through a HMA facility, placed with paver, compacted with rollers, and 
travelled over with trucks.  
 
The properties of aggregates are very important to the performance of hot mix asphalt 
(HMA) pavements. Often pavement distress such as rutting, stripping, surface 
disintegration, and lack of adequate surface frictional resistance can be attributed directly 
to improper aggregate selection and use.  
Thus, care has to be made while selecting the mineral aggregate and all quality test 
assurance has to be conducted to confirm whether they satisfy a definite project 
specification. Aggregates are deemed to give the mixture stability after various traffic 
loads, resistance to wear due to abrasive action of traffic, and still resistant to frost 
action. Thus, to obtain a mixture having a good performance, evaluation of various 
mineral aggregate physical properties is essential [13]. 
2.4.2 Aggregate Gradation and Size  
An aggregate's particle size distribution, or gradation, is one of its most influential 
characteristics. It determines almost every HMA properties including stiffness, stability, 
durability, permeability, workability, fatigue resistance, frictional resistance, and 
resistance to moisture damage [16]. 
In conjunction with this, care has to be taken while determining maximum aggregate 
size in a mixture. In HMA mixtures, instability may result from excessively small 
maximum sizes; and poor workability and/or segregation may result from excessively 
large maximum sizes [16]. 
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2.4.3 Asphalt Binder Selection  
Asphalt binder is supplied in various forms and grades having a wide range of 
consistency from fluid to hard and brittle for bituminous pavement construction. 
Asphalt binders are most commonly characterized by their physical properties. This is 
because an asphalt binder’s physical properties directly describe how it will perform as 
a constituent in HMA pavement. Different quality tests shall be carried out on asphalt 
cement to assess its physical properties through various laboratory steps [17]. 
Asphalt is the most commonly used material in pavement construction today because of 
its high engineering performance capabilities such as elasticity, adhesion and water 
resistance. Asphalt is known to be a complicated colloidal system of hydrocarbon 
materials which are composed of asphalteness, resins and oils. Today’s asphalt is 
produced mainly by the refining of crude oil and the physical and chemical properties 
can be altered or improved by blending, air blowing, additives etc. The interface between 
the asphalt and aggregate has been much focused in order to determine the chemical 
factors that influence bonding between the two materials [18].  
The binder source will also affect the ability to prevent or minimize moisture induced 
damage of asphalt pavements. Asphalt cement generally is obtained from distillation of 
crude petroleum using different refining techniques. At ambient temperatures asphalt 
cement is a semi-solid material that must be heated to mix with an aggregate. Asphalt is 
strong and durable cement with excellent adhesive and waterproofing characteristics. 
2.4.4 Optimum asphalt binder content determination  
Mix design methods are generally distinguished by the way in which they determine the 
optimum asphalt binder content. This process can be categorized into:  
 Make several trial mixes with different asphalt binder contents.  
 Compact these trial mixes in the laboratory. This compaction is means to be a 
rough simulation of actual field conditions.  
 Run laboratory tests to determine key sample characteristics.  
 Pick the asphalt binder content that best satisfies the mix design objectives.  
The various important mixture properties which show weight-volume relationship and 
strength are discussed here in after [13]. 
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2.4.4.1 Bulk Specific Gravity Determination  
The bulk specific gravity test on the freshly compacted specimens may be performed as 
soon as when they have cooled to room temperature. This test is conducted according to 
ASTM D 2726, “Bulk Specific Gravity of Compacted Bituminous Mixtures Using 
Saturated Surface-dry Specimens” [19]. 
In the Marshal Mix design procedure, the density varies with asphalt content in such a 
way that it increases with increasing asphalt content in the mixture as the hot asphalt 
lubricates the particles allowing the compaction effort to force them closer together. The 
density reaches a peak and then begins to decrease because additional asphalt cement 
produces thicker films around the individual aggregates, and tend to push the aggregate 
particles further apart subsequently resulting lower density.  
The bulk density of the compacted mixture can also be altered with the proportion of 
mineral filler. It is expected that the bulk density increases as the amount proportion of 
mineral filler increases in the mixture up to some point and then decreases. This is 
because an increased amount of mineral fillers will increase the amount of fines in the 
mix and the large amount of fine particles tend to push the larger particles apart and act 
as lubricating ball-bearings between these larger particles which subsequently lower the 
bulk density. 
2.4.4.2 Total Voids in Mineral Aggregate  
The voids in the mineral aggregate, VMA, is the total available volume of voids 
between the aggregate particles in the compacted paving mixture that includes the air 
voids and the effective asphalt content expressed as a percent of the total volume. It is 
calculated based on the bulk specific gravities of the combined aggregates and 
compacted paving mixture.  
The VMA has two components: the volume of voids that is filled with asphalt, and air 
volume remaining after compaction for thermal expansion of the asphalt cement during 
hot weather. It is significantly important for the performance characteristics of a 
mixture. For any given mixture, the VMA must be sufficiently high enough to ensure 
there is space for the required asphalt cement, for its durability purpose, and air space. If 
the VMA is too small, there will be no space for the asphalt cement required to coat 
around the aggregates and this subsequently results in durability problems. On the other 
Addis Ababa Science & Technology University                                                    October 2018 
 
 
MSc thesis on Performance Evaluation of ANSS Modified Bitumen Mixture Page 15 
hand, if VMA is too large, the mixture may suffer stability problems. The available 
VMA will decrease as the amount of mineral fillers in the mixture increases. This can 
be due to both fillers can be used for filling voids or extend the asphalt binder [17]. 
2.4.4.3 Percent Air Voids in Compacted Mixture  
The air voids, Va, in a compacted paving mixture that consists of small air spaces 
between the coated aggregate particles expressed as percent of the bulk volume of the 
compacted paving mixture. To address this, HMA mix design seeks to adjust items such 
as asphalt content and aggregate gradation to produce design air voids. As the air void 
in the compacted mix is high, the HMA will experience stability and moisture damage 
problems, and rutting will develop for low air void values. 
2.4.4.4 Percent Voids Filled with Asphalt in Compacted Mixture  
The voids filled with asphalt, VFA, is a percentage of inter granular voids space 
between the aggregate particles (VMA) that are filled with asphalt cement. The amount 
of asphalt cement that fills the voids in the mixture is termed as “effective asphalt 
content”. It is the effective asphalt cement that provides the required asphalt film 
thickness around the aggregate particles, which subsequently determines the durability 
of the mixture.  
2.4.4.5 Marshal Stability and Flow  
Marshal stability values can be determined by conducting a test on a prepared 
bituminous specimen. It is the maximum load carried by a compacted specimen tested at 
600C.  
The stability value obtained is an indication of the mass viscosity of the aggregate-
asphalt cement mixture. In most cases, it is affected significantly by the angle of internal 
friction of the aggregate and the viscosity of the asphalt cement at 60oC. Hence, one of 
the easiest ways to increase the stability of an aggregate-asphalt mixture is to use a 
higher viscosity grade of asphalt cement. It is also possible to increase the stability of 
the mix by selecting a more crushed angular aggregate than rounded shape aggregates 
[20]. 
The flow is measured as the vertical deformation of the specimen in millimeter from 
start of loading up to the point where the stability begins to decrease. It is obtained at 
the same time as the Marshal Stability test is conducted. Generally, high flow values 
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indicate a plastic mix that is more prone to permanent deformation problem due to 
traffic loads, whereas low flow values may indicate a mix with higher than normal voids 
and insufficient asphalt for durability and could result premature cracking due to 
mixture brittleness during the life of the pavement.  
2.5 Moisture Susceptibility of Hot Mix Asphalt  
One of the desirable properties of bituminous mixtures is that the resistance to moisture 
induced damages. Water affects asphalt concrete in various ways. It may act directly and 
literally strip binder from the aggregate. However, generally, the effects are more subtle. 
Water weakens the structure to a point where the mix can no longer sustain the traffic it 
was designed to support, and finally fails under the repeated loading. The resistance to 
moisture damage under the presence of moisture in the mixture is a complex matter and 
the degree mainly depends on the properties of each ingredient materials in the mixture, 
type and use of mix, environment, traffic, construction practice, and the use of anti-strip 
additives. Among these factors, aggregate response to asphalt cement under water is 
primarily responsible for this phenomenon, although some asphalt cement are more 
subjected to stripping than others. The damage of asphalt pavements due to moisture also 
can significantly increase the maintenance costs of a pavement and ultimately, reduce the 
life of the pavement [21]. 
2.6 Modification of Asphalt/Bitumen 
Asphalt modification is a process done to enhance the strength and life of pavement. 
Modifications can combined or put an additive to asphalt.  Thermoplastic,  polymers,  
thermo  set,  polymers, reinforce  agents;  adhesion,  promoter,  catalyst,  chemical  
reaction, and  aging inhibitors use in modified of asphalt, only to strength the road 
pavement and avoid the maintenance every  year.  Certain  additives  or  blend  of  
additives  called  as bitumen  modifiers  can  improve properties of Bitumen and 
bituminous mixes. Bitumen treated with these modifiers is known as modified bitumen.  
A  conventional  bituminous  material  does  not  have  the  performance  requirements  
for  the  road construction,  which  are  increasingly  subjected  to  heavy  loads,  heavy  
traffic  and  several environmental conditions. When the produced asphalt does not meet 
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climate, traffic, and pavement structure requirements, modification has been used as one 
of the attractive alternatives to improve its properties. Modification offers one solution 
to overcome the pavement distress deficiencies of bitumen and thereby improve the 
performance of asphalt concrete pavement. Isacsson, U. (1995) reported that using of 
polymer modified bitumen's to achieve better asphalt pavement performance has been 
observed for a long time [22]. The main objective of the bitumen improvement is to 
produce ideal modified bitumen's materials with high resistance to permanent 
deformation, and fatigue cracking. 
The technical reasons for using modifiers in asphalt concrete mixtures are to produce  
stiffer  mixes  at  high  service  temperature  to  resist  rutting  as  well  as  to  obtain  
softer mixtures  at  low  temperature  to  minimize  thermal  cracking  and  improve  
fatigue  resistance  of asphalt  pavement.  Improvement in the performance of asphalt 
concrete mixtures that contain polymer is largely due to the improvement in the 
rheological properties of the asphalt binder. The rheological properties of a binder that 
allow flexibility under load controls resistance to fatigue. The modified mixtures are 
less brittle at lower temperatures and it has higher stiffness at higher temperatures 
compared to normal mixtures. This makes polymer modification extremely attractive 
for pavement designers and highway agencies. 
Asphalt modifiers have been used over 60 years. They are more commonly used in 
Europe compared to the United States in the 20th century. A greatly increased effort has 
been dedicated to the research and application of asphalt modifiers over the past 20 
years in the United States. The Superpave asphalt binder  specifications based on 
Strategic Highway Research Program (SHRP) require the  asphalt  binders  to  meet  
stiffness  criteria  at  both  high  and  low  pavement  service temperatures.  However, 
most regular asphalt binders are not qualified for the requirements in areas with extreme 
climate conditions. In the meantime, traffic volume and loads have increased 
significantly in recent years. This has caused lots of premature rutting  and  cracking  of  
HMA  pavement  constructed  with  neat  asphalt  binders. Modifications of asphalt 
binders become of considerable interest in the improvement of pavement performance 
and service life. Although high initial cost discourages the use of modifiers, some state 
highway agencies started to specify modified asphalt binders and to be willing to pay a 
higher initial cost for pavements with a longer service life and reduced risk of premature 
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distress, and therefore, lower life cycle costs. Additionally, the disposal of  waste  
materials  and  industrial byproducts,  such  as  tires,  glass,  sulfur,  etc.,  used  as 
additives in HMA is economical and benefits the environment.  
Some specific technical reasons for using additives and modifiers in HMA are listed as 
follows [23]:  
1. Obtaining stiffer mixtures at high service temperatures to minimize rutting.  
2. Obtain softer mixtures at low service temperatures to minimize thermal 
cracking.  
3. Improve fatigue resistance of HMA mixtures at intermediate temperature and/or 
heavy traffic loads.  
4. Improve asphalt-aggregate bonding to reduce stripping or moisture 
susceptibility.  
5. Improve resistance to aging or oxidation; re-juvenate aged asphalt binders.  
6. Reduce flushing or bleeding; reduce structural thickness of pavement layers. 
7. Reduce life cycle costs and improve overall performance of HMA pavements.  
8. Permit thicker asphalt films on aggregate for increased mix durability.  
9. Improve abrasion resistance of mixture to reduce raveling. 
2.7 Historical Background of Anyways Natural Soil Stabilizer (ANSS) 
AnyWay Solid Environmental Solutions Ltd. is a global leader in providing soil 
stabilization products to the infrastructure and development sectors. It has been 
established in 1999. 
The company has been providing solutions to road and infrastructure projects since 2000 
in almost every continent in the world. In recent years it has focused its activities in 
Africa but has continued to provide solutions also to projects in Latin America, North 
America, Middle East and Australia. AnyWay has at the moment two production centers, 
one in Israel and the other in South Africa. It has permanent offices in Israel, South 
Africa, Canada, Ethiopia and representation in Kenya [24]. 
The solutions of AnyWay are widely used in many road projects in South Africa 
(haulage roads in mines, developments of new cities and upgrading of urban roads), it is 
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also been implemented in many projects in Israel, from North to South, in projects in 
Ethiopia, Kenya, Angola, Burkina Faso, Ivory Coast, Eritrea, Mozambique, Namibia, 
Nigeria and in Europe in Italy, Spain and Portugal. It has also been implemented in 
projects in Latin America, in Brazil, Ecuador and Peru [24]. 
The use of AnyWay Natural Soil Stabilizer (ANSS) in road projects is recognized as an 
extremely cost effective method of converting poor quality soil into a strong 
impermeable layer. It permits the construction of pavement layers, embankments and 
reinforced earth structures in areas where they were not previously economically viable, 
while saving significant sums of money. 
ANSS is a calcium driven, inorganic soil stabilizer patented worldwide. Its specific 
formulation allows for stabilization of a broad range of materials without compromising 
the quality of the result [24]. 
2.8 Effect of ANSS on the Asphalt Pavement and its Maintenance 
2.8.1 Introduction 
Material stabilized with ANSS is much stronger than imported gravel material and will 
not break-up as easily, allowing for sealing immediately or after a few days, as 
convenient [24].  
2.8.2 ANSS as a Repairing Tool 
Potholes are an increasingly common problem associated with roads. They have become 
a great source of irritation for most local councils and municipalities, as they do not 
generally have the people and/or materials to effectively fix them. Although it is easy to 
repair potholes, when repairs are made incorrectly the potholes quickly reopen and 
become a recurring problem, wasting valuable resources [24]. 
Advantages of repairing potholes using ANSS can be described as below; 
 A cheap method for repairing potholes. 
 No need to transport gravel to the site; nearly any available soil can be used. 
 Creates strong bonding layers that resist water penetration. 
 Can be easily and successfully applied to both small and large sections. 
 Potholes can be sealed later on, as stabilized material is not easily dislodged. 
 Repairs can be carried on continually, without need for expensive equipment. 
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 An environmentally friendly product. 
The common problems associated with repairing potholes are: 
 Funding the work; 
 Availability of suitable material for repair; 
 Incorrect repair methods, including failing to seal the repaired hole; and, 
 Insufficient staff available to keep up with the needed repairs. 
As a result of the above problems, 
 Using ANSS, nearly any available soil can be used to repair potholes. 
 Material stabilized with ANSS is much stronger than imported gravel and will 
not break-up as easily, allowing for sealing immediately or after a few days, as 
convenient. 
 Unskilled workers can be trained to repair potholes as subcontractors. 
 Repair contractors require only basic tools and a few bags of ANSS to enable 
them to repair potholes using the soil material found near the pothole. 
 By following the steps outlined in this guide, potholes can be repaired quickly 
and efficiently. [24]. 
 
Figure 2-2. Maintenance of potholes by using ANSS [24]. 
2.9 Chemical composition of AnyWay Natural Soil Stabilizer (ANSS)  
The main components that are used to formulate ANSS are a series of inorganic 
hydration activated powders. It is composed of a specific type of cement, a lime, several 
pozzolans, rate governing additives, and a unique polypropylene fiber. The specific 
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formulation allows for the individuality of the components to contribute to the reaction 
process, but also act holistically contributing of the stabilization process [24]. 
The theory behind their reactivity is quite simple, but the chemistry of each individual 
powder differs and the collaborative reaction is quite complex. Each component reacts 
individually while also contributing to the broader stabilization reaction. Each 
component contained in ANSS has its own series of reactions that occur at varying rates, 
which can be broken down into initial, short term and long term reactions [24]. 
The following section focuses about literatures of the chemical compositions of ANSS.  
2.9.1 Effect of Lime on HMA 
Hydrated lime in hot mix asphalt (HMA) creates multiple benefits. A considerable 
amount of information exists in the current literature on hydrated lime’s ability to 
control water sensitivity and its well-accepted ability as an ant strip to inhibit moisture 
damage. However, recent studies demonstrate that lime also generates other effects in 
HMA. Specifically, lime acts as an active filler, anti-oxidant, and as an additive that 
reacts with clay fines in HMA. These mechanisms create multiple benefits for 
pavements: 
1. Hydrated lime acts as a mineral filler, stiffening the asphalt binder and HMA. 
2. It improves resistance to fracture growth (i.e., it improves fracture toughness) at 
low temperatures. 
3. It favorably alters oxidation kinetics and interacts with products of oxidation to 
reduce their harmful effects. 
4. It alters the plastic properties of clay fines to improve moisture stability and 
durability.  
Thus, hydrated lime is an additive that increases pavement life and performance through 
multiple mechanisms [25]. 
Hydrated lime has been used as a mineral filler or an antistripping agent in HMA 
mixtures  by  many  agencies  across  North  America.  However, besides  working  as  
an  antistripping  agent,  hydrated lime  has  also  been  recognized  to improve properties 
and performance of asphalt mixtures.  
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A study conducted by Oregon State University for the Oregon DOT demonstrates that 
both fatigue and rutting resistance can be improved with lime. The addition of hydrated 
lime will increase the fatigue life of a pavement as determined by a laboratory fatigue 
test. The study also indicates that lime performs better than liquid antistrip materials 
[26]. Creep tests in Texas also clearly show that hydrated lime promotes high 
temperature stability, thereby increasing resistance to rutting [25].  The results of 
laboratory wheel tracking tests conducted in Colorado and Georgia indicate that hydrated 
lime increases resistance to rutting and permanent deformation [27], [28]. 
Mostly pavements under high traffic levels normally experience more rapid premature 
distress than similar pavements under low traffic loading. Compacted mixtures with high 
air voids are generally more likely to experience stripping than pavements that are 
compacted to low air void contents. 
The mechanisms and reactions occurring in the hydrated-lime-modified HMA mixtures 
are not fully understood [29]. Nevertheless, it has been known that hydrated lime forms 
insoluble salts with the highly polar molecules of the asphalt, which could decrease 
reactions with other mixture constituents to form watersoluble soaps that might promote 
stripping. Hydrated lime also improves the aggregate asphalt bonding. The long-term 
oxidative aging potential of HMA can also be reduced by the addition of hydrated lime, 
from which it can benefited that hydrated lime can reduce the viscosity-building polar 
components in the binder. Mixture  segregation can be reduced by the use of hydrated 
lime because the finer particles of this material increase the  binder  film  thickness and 
improve the binder cohesion, leading to the increased adhesion between aggregates and 
binder. 
Hydrated lime increases the indirect tensile strength and resilient modulus of mixtures. 
Moreover, the slope of HMA fatigue curves increases with the addition of hydrated lime, 
meaning that these mixtures support more loading cycles before failure. Rutting  
performance  also  improved  because of  the use of hydrated lime [29]. 
The National Lime Association has justified the improvement in fatigue performance  of  
asphalt  mixtures  by  the  addition  of  hydrated  lime  with  the  following argument: 
“The greater improvement in fatigue life  due to the addition of hydrated lime is a result 
of the reaction between hydrated lime and the polar molecules in the asphalt cement, 
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which increases the effective volume of the lime particles by surrounding them with 
large organic chains. Consequently, the lime particles are better able to intercept and 
deflect  microcracks,  preventing  them from coalescing  into  large  cracks  that can 
cause pavement failure.”  
Sebaaly  (2006)  updated  a  work  from  Little  and  Epps (2001), where the advantages 
of hydrated lime in HMA mixtures were analyzed. They suggested that the ability of 
hydrated lime to improve the resistance of HMA mixtures to damage caused by 
moisture, oxidative  aging,  mechanical  properties, and fatigue and rutting  performances 
results in approximate  savings  of  $20/ton of  HMA. They also analyzed field data and 
concluded that hydrated  lime  increases  the  average  pavement  lives  in  approximately 
38% [30].   
Research  conducted in Czech, Institute for Road Construction in Prague studied the 
influence of hydrated lime on HMA and constructed several test pavement sections to 
determine the long-term behavior of hydrated lime in HMA [31]. About 18.5 percent 
hydrated lime by weight of the binder was added to mixtures and tested with the 
Nottingham Asphalt tester and by rutting tests. The results clearly show that hydrated 
lime improves stability and increases rutting resistance due to the filler effect, especially 
at elevated temperatures of between 30°C and 40°C. This program will continue and will 
be complemented withfield pavement performance and cost evaluations. 
It has been proved through laboratory and field testing that hydrated lime in HMA 
substantially reduces moisture sensitivity. Lime enhances the bitumen-aggregate bond 
and improves the resistance of the bitumen itself to water-induced damage. Recent 
surveys document the success and acceptance of lime in HMA throughout the United 
States [25]. 
Over the last several years, evidence has begun to compound that hydrated lime 
improves the rheology of the mastic and produces multifunctional and synergistic 
benefits in the mixture. Work in the United States and in Europe has proved that 
hydrated lime can substantially improve the resistance of the HMA to permanent 
deformation damage at high temperatures. Hydrated lime also substantially improves low 
temperature fracture toughness without reducing the ability of the mastic to dissipate 
energy through relaxation. Recent research demonstrates that hydrated lime is indeed an 
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“active” filler that interacts with the bitumen; and some of the mechanisms responsible 
have been identified. It has been shown that there are high and low temperature 
rheological benefits in adding hydrated lime to the HMA mastic. It has been proved that 
there are also benefits of reduced susceptibility to age hardening and improved moisture 
resistance. Clearly hydrated lime is an attractive multifunctional additive to HMA [25]. 
Asphalt tests require further refinements. Current tests to evaluate additives are based 
solely on short-term retained strengths following moisture conditioning (e.g., AASHTO 
T 283). This does not represent long-term performance of an asphalt, which is influenced 
by factors other than reduced moisture sensitivity (e.g., resistance to load-induced fatigue 
cracking or low temperature cracking). There is a pressing need for a simple and 
repeatable test that can evaluate the multifunctional aspects of pavement performance. 
Such a test will result in substantial savings because it will more accurately identify 
those additives that are capable of improving long-term asphalt pavement performance 
[25]. 
Hydrated lime may be added in the HMA production process in several ways. Many 
different methods have been used successfully. The experience of the states and 
contractors currently dictates the preferred manner of lime addition. Research activities 
are underway to investigate more effective and efficient ways of adding hydrated lime at 
the HMA production site. 
In the meantime, highway engineers and contractors should reconsider hydrated lime’s 
role in improving the long-term performance of pavements [25]: 
1. Lime reduces stripping. 
2. It acts as a mineral filler to stiffen the asphalt binder and HMA, which reduces 
rutting. 
3. It improves resistance to fracture growth (i.e., improves fracture toughness) at 
low temperatures. 
4. It reduces aging by favorably altering oxidation kinetics and interacting with 
products of oxidation to reduce their deleterious effects. 
5. It alters the plastic properties of clay fines to improve moisture stability and 
durability. 
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2.9.2 Effect of Cement on HMA 
A number of additives to reduce moisture sensitivity and stripping are used in the United 
States. The most widely used antistrip additive is hydrated lime. On the other hand 
Portland cement is also used as antistrip additive. Pavement contractors usually prefer 
liquid antistrip additives as they are relatively easy to use [18]. 
Cement dust is used as an alternative to traditional limestone mineral filler in hot mix 
asphalt (HMA). Laboratory testing has revealed an enhancement in Marshall and 
mechanical properties of asphalt concrete mixtures when cement dust was used. Marshall 
testing results have indicated an increase in the stability, unit weight and a decrease in 
the flow, voids ratio and voids in mineral aggregates when the percentage of cement dust 
content increases. The indirect tensile strength and unconfined compressive strength 
have also increased as the ratio of cement dust increased. The optimum cement dust ratio 
was found to be 100% of the used mineral filler. Hence, cement dust can totally replace 
lime stone mineral filler in asphalt paving mixtures [32]. 
A study that has been conducted in Egypt showed  that  replacement  of  OPC  or  
cement  dust  instead  of traditional mineral filler offered new HMA with higher stability, 
bulk density and VFA and  lower  flow  compared  with  the  control  mixture.  
Ultimately, the introduction of the two investigated filler materials improved obviously 
both mechanical properties and strength of the asphalt pavement structure. Additionally, 
using wastes such as cement dust as alternative materials in the highway industry could 
offer many advantages, such as improving the performance of asphalt pavements, 
reducing the cost of highway structures, and being environmentally friendly [33]. 
A study on the effect of filler type on the durability of asphalt concrete mixes shows that 
the mixes prepared with hydrated lime have superior resistance to moisture damage in 
comparison with Portland cement and lime stone dust. On  the  other  hand,  the  mixes  
prepared  with  Portland  cement  type  of  filler  showed  better  resistance  to  the  
fatigue failure of asphalt concrete pavement [34]. 
Addition of Portland cement as a filler in the hot mix asphalt results an improved 
moisture resistance of the gneiss based HMA [35]. 
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CHAPTER 3 MATERIALS AND METHODS  
3.1 Introduction 
This study involved investigating the Marshal properties and moisture susceptibility of 
bituminous mixtures prepared in the laboratory using different replacement rate of ANSS 
in the asphalt binder ranging from 0% to 12%. 
The nature of this research is both basic research and applied research, as it can deliver 
knowledge and solve practical problems such as premature failure of pavement. 
Experimental approach has been used to evaluate the effect of ANSS on the parameters 
of both binder (conventional tests) and HMA properties (marshal parameters, rutting and 
moisture resistance performances). 
It also involves collecting of materials for the preparation of bituminous mixtures. The 
materials used in the mixture includes: coarse and fine aggregates, filler and ANSS 
modified asphalt binder. 
The crushed stone coarse and fine aggregates are collected from CRBC construction 
quarry and crusher site located at ‘Hana Mariam’, Addis Ababa. The ANSS was 
collected from Mekelle, Ethiopia. The asphalt cement of 60/70 penetration grade was 
also obtained from at Wolenchitie ERCC project site. 
These ingredient materials were subjected to various laboratory tests in order to 
determine their physical properties whether they can meet common specification limits. 
These quality assurance tests conducted on the aggregates include: gradation, Los 
Angeles abrasion, soundness, flakiness, aggregate crushing value, specific gravity and 
water absorption tests. 
Test specimens were then prepared using different amount of binder that modified with 
variable proportion of ANSS, mixed with aggregate in the mix (by weight). In 
accordance with the Marshal mix design procedure and criteria different mixture 
properties were obtained and the optimum asphalt binder content was determined. 
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Finally, mixtures were prepared using different amount of ANSS at their respective 
optimum asphalt binder content to investigate the mixture resistance to moisture 
damages using the Indirect Tensile Strength test method. 
The figure below illustrates the flowchart of experimental design used in the study 
 
Figure 3-1. Flowchart of experimental design 
3.2 Characteristics of Materials  
3.2.1 Introduction 
3.2.2 Aggregates 
The aggregates used in the research were subjected to various tests in order to assess 
their physical characteristics and suitability in the road construction. To produce 
identical controlled gradation, aggregates were sieved and recombined in the laboratory 
to meet the selected gradation which satisfying ASTM specifications for asphalt binder 
average gradation. The coarse and fine aggregate particles were separated into different 
sieve size and proportioned to obtain the desired gradation for bituminous mixtures of 
ASTM 3515 for 19 mm nominal maximum aggregate size (NMAS).  
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Table 3-1 presents the physical properties of fine and coarse aggregates. The soundness 
test were conducted by using Sodium Sulphate (Na2SO4) solution. The absorption 
characteristics of the aggregates is relatively high. This resulted to relatively greater 
consumption of bitumen in HMA. 
The results of detailed aggregate properties are presented in Materials quality test result 
of Appendix A of the Research paper. 
Table 3-1. Aggregate physical properties 
         Types of Tests Results 
Specification 
(ERA, 2002) 
Test Method 
Los Angeles Abrasion (%) 12.85 < 30 AASHTO T96 
Soundness (%) 4.58 < 12 AASHTO T104 
Particle Shape, Flakiness (%) 21.95 < 45 BS 812, Part 105 
Aggregate Crushing Value (%) 12.31 < 25 BS 812, Part 110 
Sand Equivalent (%) 76.8 > 40 AASHTO  T 176 
Water Absorption (%)       
i. Coarse Aggregate 1.75 < 2 AASHTO T85-91 
ii. Fine Aggregate 1.85 < 2 AASHTO T85-91 
Bulk Specific Gravity       
i. Coarse Aggregate 2.62 N/A AASHTO T85 
ii. Fine Aggregate 2.611 N/A AASHTO T84 
 
3.2.2.1 Aggregate Gradation 
Crushed aggregates were obtained from the crusher plant of four hot bins at Hana 
Mariam Crusher plant site. The aggregates of each hot bin were sieved by dry sieve 
method and then mixed with different mix ratio to satisfy the ERA 2002 (Table 6400/8 
Grading limits for combined aggregate and mix proportions for asphaltic surfacing) 
specification. The nominal maximum aggregate size (NMAS) and the maximum 
aggregate size (MAS) is found to be 19.0mm and 25.0mm respectively. Figure 3-2 
shows the blended graduation of aggregate used in this study. 
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Figure 3-2. Aggregate Gradation Curve 
3.2.3 Anyways Natural Soil Stabilizer (ANSS) 
The ANSS is sieved on 75 micro meter sieve and the ANSS that passed on 75 micro 
meter sieve is used to mix with pure bitumen to produce modified bitumen for further 
mixture with aggregate and filler. The chemical properties of ANSS has been 
investigated by the Ethiopian Environmental Protection Agency. Table 3-2 shows the 
laboratory test result of ANSS material. As per the result, the cationic exchange capacity 
of ANSS is low. It implies that the material has lower capacity to attract cationic charges. 
In addition to this, the PH value is high which results higher cationic particles. This 
indirectly shows declining the tendency of cationic particles and/or basic aggregates. 
Table 3-2. Laboratory Test Result of ANSS [336] 
Parameters Analyzed Result 
PH 13.34 
Electrical Conductivity (EC) (µs) 2800 
Cationic Exchange Capacity (CEC) (meq/100g) 12.14 
% Total Hydrogen (kjeldahel) 0.01 
Bulk Density (g/cm3) 0.47 
Sand (%) 90 
Silt (%) 0 
Clay (%) 10 
Total Texture Loamy Sand 
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3.2.4 Asphalt Binder 
A series of laboratory tests were conducted including penetration, specific gravity, 
softening point, fire and flash point and ductility for the basic characterization properties 
of virgin and modified 60/70 grade of bitumen in CRBC asphalt laboratory. The virgin 
binder is heated up to 135°C for mixing with ANSS that passed on 75µm sieve. The 
measured amount of both materials are mixed and continuously stirred until the mix is 
getting uniform and softer. For individual test types and each ANSS content, 3 replicates 
of tests were taken to have average value with limited tolerable variation. 
3.3 Marshall Mix design 
Marshal Mix Design method was used to determine the optimum asphalt content and 
evaluate the stability and flow of the mixtures in the laboratory.   
Approximately 25 Kg binder was consuming to produce more than 75 specimens (for 
Marshal Stability and flow), 25 specimens (for theoretical maximum density) and 30 
specimens (for Indirect Tensile Strength, moisture sensitivity test).  
A total of 5 mix designs were developed: one aggregate source, one asphalt binder with 5 
different ANSS contents (One Virgin binder plus 4 ANSS modified Binders). Separate 
enough material to make 1(one types of aggregate) with 15 specimens (five bitumen 
percentages range and three specimen for each bitumen contents) replicate by 5 mix 
design (One control and Four ANSS modified) results 75 specimens of approximately 
1200gm each. 
Five percentages of bitumen were examined to determine the best percentage of bitumen 
for the aggregates used, which include 4, 4.5, 5, 5.5 and 6% by weight of the mix with 
three specimens for each percentages. 
3.3.1 Theoretical Maximum Specific Gravity and Density (AASHTO T 209) 
The theoretical maximum specific gravity of an asphalt concrete mixture is the specific 
gravity of the mixture at zero air void content. It is one of the most difficult tests 
performed in paving materials laboratories and also one of the most important. Like bulk 
specific gravity, theoretical maximum specific gravity in and of itself does not affect the 
performance of a paving mixture. However, it is essential in determining volumetric 
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factors that are good indicators of performance, such as air void content, VMA and the 
amount of binder absorbed by the aggregate particles. 
Maximum specific gravity is determined by measuring the specific gravity of the loose 
paving mixture, after removing all of the air entrapped in the mixture by subjecting the 
mixture to a partial vacuum (vacuum saturation). The loose mix is prepared by gently 
heating the sample in an oven until it can be easily broken apart. The mixture is then 
removed from the oven and occasionally stirred while cooling, to make sure that it 
remains broken up as much as possible into separate particles of asphalt-coated 
aggregate.  
For this test, asphalt mix specimens for each mix variation were prepared and cured for 
two hours. Mixes were then cooled in a loose, un-compacted state and placed in a 
vacuum container filled with distilled water. A high vacuum pump attached to the 
container and activated for at least 15 minutes, removing entrapped air. 
Shaking of the container was required to remove air bubbles. After vacuum saturation, 
the container was removed from the pump and filled to the calibrated level with water. 
Then the mass of the container, specimen, and water was determined. This value, along 
with the dry mass of the specimen and mass of the container filler with just water, was 
used to determine the theoretical maximum specific gravity. 
The theoretical maximum specific gravities of each mix design is shown in the 
Appendix-C that used for air voids calculation. 
3.3.2 Marshall flow stability and Volumetric Analysis 
First the aggregates were heated to a temperature of 175°C to 190°C the compaction 
mould assembly and rammer were cleaned and kept pre-heated to a temperature of 
100°C to 145°C. The bitumen was also heated to a temperature of 135-170°C and the 
required amount of first trial of bitumen was added to the heated aggregate and 
thoroughly mixed. The mix was placed in a mould and compacted with 75 number of 
blows. The sample is taken out of the mould after cooling for overnight using sample 
extractor. Once the sample is extracted, it is subjected for volumetric measurements such 
as bulk specific gravity of compacted mix, air voids, voids in mineral aggregates, and 
voids filled with asphalt. Further the sample is kept in 25°C water bath for 30 to 40 
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minutes for flow and stability recording. Then graphs will be plotted for the following 
combination of parameters for further analysis. 
 Stability vs. Bitumen Content 
 Flow vs. Bitumen Content 
 Bulk Specific Gravity vs. bitumen Content 
 Air voids (Va) vs. Bitumen Content 
 Voids Filled with Bitumen (VFB) vs. Bitumen Content 
3.3.3 Optimum Binder Content (OBC) Determination 
It is common practice to design the mix using the Marshall Test (ASTM D1559) and to 
select the design binder content by calculating the mean value of the binder contents for 
(a) maximum stability, (b) maximum density and (c) the mean value for the specified 
range of void contents.  The following method (which is used for this thesis) is 
commonly used to determine the optimum asphalt content from the plots of volumetric 
analysis and stability. 
NAPA (National Asphalt Pavement Association) Procedure  
1. Determine  the  asphalt  content  which  corresponds  to  the  specification's  
median  air  void content (4 percent typically). This is the optimum asphalt 
content. 
2. Determine the following properties at this optimum asphalt content by referring 
to the plots: 
 Marshall Stability 
 Flow 
 VMA and 
 VFA. 
3. Compare  each  of  these  values  against  the  specification  values  and  if  all  
are  within  the specification,  then  the  preceding  optimum  asphalt  content  is 
satisfactory.  If any of these properties is outside the specification range, the 
mixture should be redesigned. 
Thus, all the calculated and measured mix properties for the average asphalt content is 
compared with criteria for acceptability given in Table 3.4. The Marshal properties of 
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individual mixes, prepared using different amount of ANSS, obtained at their optimum 
binder content was evaluated and will be discussed in chapter 4. 
Table 3-3. Marshall Mix Design Criteria [ERA Manual] 
 
     Marshall Method Criteria 
Light Traffic 
Wearing & 
binder coarse 
HMA 
Medium Traffic 
Wearing & 
binder coarse 
HMA 
Heavy Traffic 
Wearing & 
binder coarse 
HMA 
 Min  Max Min Max Min Max 
Compaction, number of blows 
each end of specimen 
 
35 
 
50 
 
75 
Stability (N) 3336 - 5338 - 8006 - 
Flow (0.25 mm) 8 18 8 16 8 16 
Percent Air Voids (%) 3 5 3 5 3 5 
Voids Filled With Asphalt 
(VFA) (%) 
70 80 65 78 65 75 
3.4 Moisture Susceptibility of HMA 
Moisture is a key factor in the deterioration of asphalt pavement. Factors that influence 
moisture  damage  include  aggregate,  asphalt  binder,  type  of  mix,  weather  and 
environmental effects, and pavement subsurface drainage.  
This  part  of  the  research  evaluates  the  moisture  damage  for  the  mix  composed  of 
aggregate, asphalt binder and ANSS using indirect tensile strength. 
The  ITS  test  is  a  performance  test  which  is  often  used  to  evaluate  the  moisture 
susceptibility of a bituminous mixture. Tensile strength ratio (TSR) is a measure of water 
sensitivity. It is  the ratio of the tensile strength of water conditioned specimen, ( ITS 
wet, 60˚C,  and  24  h)  to  the  tensile  strength  of  unconditioned  specimen  (ITS  dry)  
which  is expressed as a percentage. A higher TSR value typically indicates that the 
mixture will perform well with a good resistance to moisture damage. The higher the 
TSR value, the lesser will be the strength reduction by the water soaking condition, or 
the more water resistant it will be. 
The indirect tensile test involves loading a cylindrical specimen with compressive loads 
which act parallel to and along the vertical diametrical plane.  To distribute the load and 
maintain a constant loading area, the compressive load is applied through a ha1f-
inchwide stainless steel loading strip which is curved at the interface with the specimen.  
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This loading  configuration  develops  a  relatively  uniform  tensile  stress  perpendicular  
to  the direction of the applied load and along the vertical  diametrical plane, which 
ultimately causes the specimen to fail by splitting  or rupturing along the vertical 
diameter. 
On this research a destructive test (a test that destroys the sample) is used to evaluate the 
tensile strength test of the HMA mixtures. Therefore the unconditioned and conditioned 
properties will have to be measured on two different sets of samples having very close 
air void. 
When steel loading strips are used the load was applied at a constant rate of movement of 
the testing machine head of 50 mm per minute. The maximum load was recorded and 
placed in the equation below in order to calculate tensile strength. 
𝑆𝑡 =
2000𝑃
π𝐷𝑇
 
Where St = tensile strength (KPa), 
P = Maximum load (N), 
T = Specimen thickness (mm), and 
D = Specimen diameter (mm). 
 
Figure 3-3. A typical ITS apparatus 
Tensile strength ratios represent the proportion of tensile strength retained between the 
moisture damaged and unconditioned sets of a specific additive concentration. TSR’s 
were calculated using the following equation: 
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Tensile Strength Ratio (TSR) = S2/S1 
Where: 
S2 = average tensile strength of the conditioned (moisture damaged) set (Kpa); 
S1 = average tensile strength of the unconditioned set (Kpa). 
Moisture susceptibility of HMA demands a total of 30 Marshall Specimens for 5 binder 
mixes were prepared. The first group was immersed in a water bath at 60˚C, for a period 
of 24 hours (conditioned sample). The samples were then removed from the water bath 
and kept at a temperature of 25˚C for a period of 2 hours.  Other set of samples 
(unconditioned sample) were kept at a temperature of 25˚C for a period of 2 hours 
without soaking. These specimens are then mounted on CBR testing apparatus loading 
the ITS ring and loaded at a deformation rate of 50mm/min and the load at failure is 
recorded at each case. Then the tensile strength of water conditioned as well as 
unconditioned specimen for each mixture was determined.  
3.5 Statistical Analysis 
Data Analysis is the process of systematically applying statistical and/or logical 
techniques to describe and illustrate, condense and recap, and evaluate data. An essential 
component of ensuring data integrity is the accurate and appropriate analysis of research 
findings. 
Once the laboratory tests has been done, the quality of the data and analysis result has to 
be checked. ANOVA is the basic tool to ensure this task. ANOVA is also used to 
identify the significance of the test result and its analysis report and finally gives a 
direction to guaranteed conclusion. Minitab software Version 17 and excel can conduct 
the statistical significance of each parameters. For this study Microsoft excel is used. 
One crucial assumption made during the entire discussion, interpretation and analysis 
phases of this research is that the effect of ANSS on the binder properties (conventional 
properties), marshal parameters and performance for 60/70 penetration grade asphalt is 
analyzed for the significance of modification. 
As long as only one type of variable is considered in this study (variation in the 
percentage of ANSS), one way ANOVA is considered. 
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CHAPTER 4 RESULTS AND DISCUSSION 
4.1 Introduction 
Data analysis and results of laboratory investigations that has been conducted to study 
the effect of using ANSS in HMA. The influence of ANSS content on the quality test of 
bitumen such as penetration, softening point and ductility has been shown in the 
appendix A. Marshal Test results and their interpretation such as stability, flow, and 
volumetric analysis of asphalt concrete will be presented in this chapter. Marshall 
Method for designing hot asphalt mixtures was used to determine the optimum bitumen 
content to be added to specific aggregate blend. 
The results of this study only apply to the specific gradation of aggregate and type of 
mixes that were used. Other gradations of aggregate or source may produce different resu 
4.2 Effect of ANSS on Conventional Properties of Asphalt Binder 
4.2.1 Penetration Test Result 
 
 
Figure 4-1. Penetration Test Result 
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Figure 4-1 shows the effect of ANSS content on the penetration value of the binder. As 
the content of ANSS is increased the penetration value decrease. Hence, it can be 
deduced that ANSS modified binder gives stiffer HMA which improves rutting 
performance. 
4.2.2 Softening Point Test Result 
Figure 4-2 shows the effects of ANSS content on softening point of the binder. It can be 
observed that as percentage of ANSS content increase, the softening point is rising and 
resulting peak value at 9% ANSS content and then decline to 12% ANSS content. The 
increase in the softening point with ANSS content explains the better performance of the 
binder at higher temperature. 
 
Figure 4-2. Softening Point Test Result 
4.2.3 Ductility Test Result 
The ductility test result shows that all the values are 155cm, which is the maximum 
stretching capacity of the equipment. Even though it doesn’t explain the trend, the result 
is far more than specification limit (100cm). 
4.2.4 Fire and Flash Point Test Result 
Figure 4-3 presents the effect of ANSS content on fire and flash point test result of 
bitumen. It can be observed that the increment of ANSS content on the binder results on 
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higher fire and flash point. This indicates that the introduction of ANSS modifier in to 
binder delivers more resistance to fire during mixing of the asphalt bitumen. 
 
Figure 4-3. Fire and Flash Point Test Result 
 
4.3 Effect of ANSS on Marshal Properties of Bituminous Mixtures 
4.3.1 Optimum Binder Content  
The optimum Binder Content  was  found out by two options; One is taking  the  average 
value  of  the  bitumen  content  correspond  to  maximum  stability,  the  bitumen  
content at  maximum  unit  weight and the bitumen content corresponds to 4% air void. 
The second option is the Optimum Binder Content at 4% air void that subjected to the 
satisfactory of all other specification requirement. For this study the OBC at which 4% 
air void is achieved. Detail laboratory test results are presented in Appendix C of the 
paper.  
Figure 4-4 shows the effect of ANSS content on optimum binder content of HMA. 
Three replicates of samples was taken for each asphalt contents. The average value of the 
specimens is then used to plot the graphs of volumetric parameters and flow and 
stability. The optimum binder content were decided on the graphs based on the criteia 
shwon on table 3-3. As the percentage of ANSS is rised, the consumption of binder is 
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increased eventhough the rate of increment is coming low.This is mainly due to an 
increment in the air void of the mix as the content of ANSS is increased. 
 
Figure 4-4. Optimum Binder Content (OBC) Analysis Result 
4.3.2 The Effect of ANSS on Marshall Properties 
The use of ANSS modified binder in the asphalt mixture has noticeable effects on the 
theoretical maximum density and air void of HMA. The following section analyze and 
discuss the result collected with in the laboratory under different percentages of ANSS. 
4.3.2.1 Effect of ANSS on Stability  
Stability is generally a measure of the mass viscosity of the aggregate-asphalt cement 
mixture and is affected significantly by the angle of internal friction of the aggregate and 
the viscosity of the asphalt cement. Anything that increases the viscosity of the asphalt 
cement increase the Marshall stability.  
Figure 4-5 demonstrates the effect of ANSS contents on Marshal Stability at optimum 
binder content. In all mix designs, the mix attain the minimum requirement of stability. 
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Figure 4-5. Marshal Stability Test result 
 
4.3.2.2 Effect of ANSS on Flow 
Flow refers the vertical deformation of the sample .High flow value indicate a plastic 
mix that will experience deformation under traffic may indicate a mix with higher than 
permanent deformation under  traffic,  whereas  low  flow  values  may  indicate  a  mix  
with  higher  than  normal  void  and insufficient  asphalt  for  durability  and  one   that  
experience  premature  cracking  due  to  mixture brittleness during life of pavement. 
Based on Asphalt Institute Manual Series 5 (MS-5) and AACRA manual, the acceptable 
range of flow is between 2 and 4mm. Figure 4-6 shows that the effect of ANSS content 
on the flow at optimum binder content. It can be seen that there is a slight increase in the 
flow value as the percentage of ANSS is increased. From the test result, the flow values 
varies between 2.11 and 4mm, it is still within the specification. 
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Figure 4-6. Effect of ANSS on the Flow at OBC  
4.3.2.3 Effect of ANSS on Air Void (Va) 
 
Figure 4-7. Air Void (Va) Analysis Result 
 
Total void in the mix refers that the total volume of the small pockets of air between the 
coated aggregate particles throughout a compacted paving mixture, expressed as percent 
of bulk volume of compacted paving mixture. 
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Figure 4-7 illustrates the effect of ANSS content on air void of hot mix asphalt. Air void 
of the HMA is rising as the content of ANSS is getting higher and higher. This leads to 
the consumption of high asphalt content to attain optimum air void because of the 
chemical property of ANSS is strong basic and the basaltic aggregate of basic nature 
which results less chemical interaction. This increases the void in aggregate particles. 
Since the ANSS material has lower CEC (Cationic Exchange Capacity), it has less 
tendency to attract cationic charges mainly basic aggregates. For high acidic bitumen it is 
recommended basic aggregate and vice versa. 
4.3.2.4 Voids in Mineral Aggregate (VMA) Analysis Result 
 
Figure 4-8. VMA Analysis Result 
Minimum VMA (13%) is necessary in mixture to accommodate enough asphalt content, 
so that aggregate particles can be coated with adequate asphalt film thickness.  
Figure 4-8, shows the effect of ANSS content on voids in mineral aggregate (VMA) at 
optimum binder content. As the percentage of ANSS content is increased in the partial 
replacement of bitumen, the VMA decreases gently, but it is insignificant. This implies 
there is less asphalt film thickness around the aggregate particles. As a result, it drives 
higher consumption of ANSS modified bitumen to create sufficient asphalt film around 
the aggregate. In all cases, the minimum VMA is attained.  
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4.3.2.5 Void Filled with Asphalt (VFA) Analysis Result 
Effect of ANSS content on the voids filled with asphalt property of the mixture is 
indicated on Figure 4-9. For heavy traffic, the Marshal criteria for VFA is 65% - 75%. 
This criterion is important for the durability of mixes and is related to the effective 
asphalt content in the mix. If the percentage of void filled with asphalt is lower than the 
limit indicated, there will be less asphalt film around the aggregate particles. Lower 
asphalt films are more subjected to moisture and weather effects where they can be 
detached from the aggregate particles and subsequently lower performance. On the other 
hand, if the limit is exceeded, voids are filled with asphalt than required for durability. In 
all cases, the minimum and maximum VFA is attained.  
 
Figure 4-9. VFA Analysis Result 
4.4 The Effect of ANSS on Moisture susceptibility  
Figure 4-10 below shows the tensile strength result for both dry and wet conditions. The 
higher amount of ANSS in the mixture has a significant effect as it can be seen from the 
above figure.  The increase in the amount of ANSS content leads to higher hydrophobic 
nature of mix, and consequently, when conditioning it in water for 24 hours at 60oC the 
ANSS resists the washing effect of water and eventually resulting in higher tensile 
strength. This is the fact that the ingredients of ANSS forms insoluble salts with highly 
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polar molecules of the asphalt which could decrease reactions with other mixture 
constituents to form water soluble soaps that might promote stripping. Hydrated lime is 
hydrophobic/water. 
 
Figure 4-10. Indirect Tensile Strength test Result 
 
From the table 4-1 below, in all cases, the TSR values are within the specification. The 
resistance of moisture damage increased by 12.5% for wet conditions for 0% and 3% 
ANSS modified asphalt mix. Overall the resistance of moisture damage increased by 
18.5% for dry and 30.2% for wet conditions as the ANSS content is increased to 12% by 
mass of bitumen. A minimum TSR value of 0.70 is recommended by Lottman and 
Maupin who reported values between 0.7 and 0.75 differentiated between striping and 
non-striping HMA mixtures. The detail indirect tensile strength test result is analyzed 
and show in the table below. 
 Table 4-1. ITS test result 
ANSS 
Content (%)  
ITS 
TSR (%) 
Recommended 
Value 
Remark 
Dry (kpa) Wet (kpa) 
0 886.19 665.85 75.1 
≥ 75% 
    Ok  
3 921.08 749.09 81.3     Ok  
6 989.68 767.87 77.6     Ok  
9 1029.71 829.36 80.5     Ok  
12 1049.7 867.26 82.6     Ok  
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4.5 The Effect of ANSS on Rutting Performance  
Rutting performance of asphalt mixture can be determined by DYNA-PACK Single 
Wheel track tester machine, Humberg Wheel Track Tester or other rutting testing 
devices. Unfortunately those rut measuring instruments are inaccessible to complete the 
effect of ANSS on the HMA performance. On the other hand the test result of Multiple 
Stress Creep and Recovery (MSCR) that has been conducted by Shimelis Wondimu 
(‘Partial replacement of Asphalt Binder with ANSS (Anyways Natural Soil 
Stabilizer)’) is used to analyze the overall effect of ANSS on the rutting resistance of 
HMA. It is based on the result of Jnr value (non-recoverable creep compliance) to deduce 
the rutting performance of the mix. The MSCR test is used evaluate the binder's potential 
for permanent deformation. A one-second creep load is applied to the asphalt binder 
sample. After the 1-second load is removed, the sample is allowed to recover for 9-
seconds.  Normally the test is started with the application of a low stress (100Pa) for 10 
creep/recovery cycles then the stress in increased to 3200Pa and repeated for an 
additional 10 cycles. As the Jnr value increase, the accumulation of unrecovered 
deformation results higher and it implies the HMA is venerable to rutting and vice versa. 
Two replicate samples were taken to come up with reasonable result of MSCR test. The 
test were conducted at three high temperatures, particularly 52°C, 58°C and 64°C. 
Figure 4-11 demonstrates the effect of ANSS content on the Jnr value. The lowest Jnr 
value (non-recoverable strain) is recorded near by 9% ANSS content both for 100Pa and 
3200Pa loading. Thus the optimum ANSS content is 9% based on the result of MSCR 
test. 
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  (a) 
  (b) 
Figure 4-11. MSCR test result, Jnr value at different loading (a) 100 Pa (b) 3200 Pa 
4.6 Data Analysis  
The process of formulating the possible conclusions, one can draw from an experiment 
and choosing between two alternatives is known as hypothesis testing. The null 
hypothesis, denoted by Ho, is the claim that is initially assumed to be true (the “prior 
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
0% 3% 6% 9% 12%
Jn
r(
1
/K
p
a)
ANSS Contents
52 58 64
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
0% 3% 6% 9% 12%
Jn
r(
1
/K
p
a)
ANSS Contents 
52 58 64
Addis Ababa Science & Technology University                                                    October 2018 
 
MSc Thesis on Performance Evaluation of ANSS Modified Bitumen Mixture Page 47 
belief” claim). The alternative hypothesis, denoted by Ha, is the assertion that is 
contradictory to Ho.  The  null  hypothesis  will  be  rejected  in  favor  of  the alternative  
hypothesis  only  if  sample  evidence  suggests  that  Ho  is  false.  If  the sample  does  
not  strongly  contradict  Ho,  we  will  continue  to  believe  in  the plausibility of the null 
hypothesis. The two possible conclusions from a hypothesis testing analysis are then 
reject Ho or fail to reject Ho. A  test  of  hypotheses  is  a method  for  using  sample  data  
to  decide  whether  the  null  hypothesis  should  be rejected.  
The null hypothesis for the test has been assumed as µ1=μ2=μ3=μ4=…=μn 
The ANOVA analysis was conducted using a significance level of 95 %. For detailed 
analysis of variance, see on the appendix E of this paper. 
Table 4-2 demonstrates the statistical analysis of the effect of ANSS on the conventional 
test of bitumen. The statistical result shows that the introducing of ANSS into bitumen 
significantly alters the result on penetration value, softening point and fire and flash 
point. 
Table 4-2. Statistical Analysis, ANOVA of conventional tests of binder 
Parameters Effect of ANSS F-Value P- value Remark 
Penetration 
0% & 3% 4.49587 0.10130 Insignificance 
0% & 6% 4.58697 0.09890 Insignificance 
0% & 9% 660.31013 0.00001 Significance 
9% & 12% 2.82647 0.16802 Insignificance 
Softening Point 
0% & 3% 5.64706 0.07629 Insignificance 
0% & 6% 0.02611 7.70865 Insignificance 
6% & 9% 9.24500 0.03838 Significance 
9% & 12% 7.68182 0.05025 Insignificance 
Fire and Flash Point 
0% & 3% 12.56522 0.02391 Significance 
3% & 6% 23.14286 0.00858 Significance 
6% & 9% 23.17021 0.00856 Significance 
9% & 12% 0.09474 0.77360 Insignificance 
 
The effect of ANSS on the Marshal Stability and flow values is shown on the table 4-3. 
The partial replacing of binder by ANSS was not affect significantly the stability and 
flow of HMA.  
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 Table 4-3. Statistical Analysis, ANOVA of Marshal stability and flow 
Parameters Effect of ANSS F-Value P- value Remark 
Stability 
0% & 3% 0.66585 0.43812 Insignificance 
0% & 6% 0.30399 0.59645 Insignificance 
0% & 9% 3.22394 0.11030 Insignificance 
0% & 12% 1.23747 0.29827 Insignificance 
Flow 
0% & 3% 0.09778 0.76250 Insignificance 
0% & 6% 0.12458 0.73324 Insignificance 
0% & 9% 0.21192 0.65752 Insignificance 
0% & 12% 0.16824 0.69245 Insignificance 
 
Table 4-4. Statistical Analysis, ANOVA of volumetric parameters 
Parameters Effect of ANSS F-Value P- value Remark 
Gmm 
0% & 3% 1.05981 0.33338 Insignificance 
0% & 6% 1.22016 0.30144 Insignificance 
0% & 9% 3.47043 0.09949 Insignificance 
0% & 12% 3.50647 0.09802 Insignificance 
VFA 
0% & 3% 0.22364 0.64892 Insignificance 
0% & 6% 0.54601 0.48107 Insignificance 
0% & 9% 0.89946 0.37069 Insignificance 
0% & 12% 0.98901 0.34911 Insignificance 
VMA 
0% & 3% 0.09117 0.77040 Insignificance 
0% & 6% 1.40902 0.26927 Insignificance 
0% & 9% 0.63195 0.44958 Insignificance 
0% & 12% 0.095877 0.764746 Insignificance 
Air Void 
0% & 3% 0.182754 0.680291 Insignificance 
0% & 6% 0.621217 0.453314 Insignificance 
0% & 9% 0.725297 0.419174 Insignificance 
0% & 12% 0.884852 0.374408 Insignificance 
 
As indicated by the table 4-4, the volumetric parameters are not significantly affected by 
partial replacement of binder by ANSS content. Increase on air void, rise on the OBC, 
gently decline on VMA as the ANSS content increase are found to be insignificant. 
Table 4-5 shows the effect of ANSS content on the moisture resistivity of HMA. The 
ITS result is significantly impacted by partial replacement of binder by ANSS between 0 
% & 3%; between 3% & 9% for wet (conditioned test) and between 0% & 9%; 3% & 
9% for dry (unconditioned) case. In general, the moisture sensitivity test result was 
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significant at 95% confidence level (i.e. p-value < 0.05). This is due to the fact that the 
ingredients of ANSS forms insoluble salts with highly polar molecules of the asphalt 
which could decrease reactions with other mixture constituents to form water soluble 
soaps that might promote stripping. As it is mentioned on chapter two, the sole role of 
hydrated lime is hydrophobic/water repellant. 
Table 4-5. Statistical Analysis, ANOVA of Moisture Sensitivity Test (ITS test) 
Parameters Effect of ANSS F-Value P- value Remark 
ITS (Conditioned) 
Test 
0% & 3% 91.635826 0.000074 Significance 
3% & 6% 0.158657 0.710742 Insignificance 
3% & 9% 12.992636 0.022667 Significance 
6% & 9% 1.500208 0.287835 Insignificance 
6% & 12% 3.96108 0.117418 Insignificance 
ITS (Unconditioned) 
Test 
0% & 3% 0.999664 0.373973 Insignificance 
0% & 6% 4.785185 0.093953 Insignificance 
0% & 9% 59.65565 0.001513 Significance 
3% & 6% 3.410493 0.13851 Insignificance 
3% & 9% 12.992636 0.022667 Significance 
6% & 9% 3.027192 0.15686 Insignificance 
9% & 12% 0.770019 0.429756 Insignificance 
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CHAPTER 5 CONCLUSION AND RECOMMENDATION 
The  main  goal  of  this  research  study  was  to  partially  replace  asphalt  
binder  with ANSS in order to have better performing pavement structure. Accordingly, 
it has been found that the addition of ANSS to asphalt binder has an influence some 
properties and no a great impact on the other properties.  
5.1 Conclusion  
This study tries to study the conventional properties of the modified and 
unmodified bitumen, Marshall volumetric parameters and moisture damage of asphalt 
mixture. In doing so, test parameters were evaluated. Based on the results obtained from 
this study, the following conclusions can be made: 
 The addition of ANSS on bitumen results a decrease in the penetration up to 
9% and then a slight increment in the penetration value. This implies that using 
ANSS up to 9% increases the stiffness of the modified binder, as a result it is a 
better solution in high temperature zone to resist rutting. 
 The conventional test of binder shows that rise in the softening point of the 
binder with ANSS percentage and decline after 9% ANSS. 
 The fire and flash point of the modified bitumen shows that rise the fire and 
flash point with ANSS content. This shows that partially replacing the binder 
by ANSS gives a safer working condition. 
 Ductility test result shows that the same stretching capability of the modified 
and unmodified bitumen. 
 The replacement of asphalt binder with ANSS at optimum binder content, 
increased the Gmm and Air Void, decreased the VFA with an increase in ANSS 
content. But the change is statistically insignificant. 
 There is unclear trend on VMA, flow and stability as the ANSS content varies, 
but the result is within the acceptable range of specification. The results are 
almost similar that the modification doesn’t affect the VMA, flow and stability. 
 Overall, the optimum binder content increases with increasing the percentage of 
ANSS. 
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 An increment on the replacement of binder by ANSS leads to more resistant to 
moisture damage of the mixture due to water damage as of ITS test. 
 The addition of ANSS up to 9% in the binder results more resistance to 
permanent deformation as per the result of Multiple Stress Creep Recovery test. 
5.2 Recommendation 
Based on the result of ANSS modified binder indirect tensile strength test, it can 
be used in high rainfall intermediate temperature area to protect the moisture damage of 
the rain/ice/snow. In another ways, ANSS modified bitumen is one option to be used in 
high temperature zones. In all cases 9% of ANSS content in the partial replacement of 
bitumen to have an optimized moisture resistance and rutting resistance. By considering 
this study as a pilot, further study shall be conducted and investigated to use ANSS 
material as a binder modifier. 
5.3 Future Study 
There is always the opportunity for future research in the area of asphalt binders 
and mix characterization. For this reason, future research work may include: 
 Further studies are needed to characterize the chemistry of binders composed of 
ANSS and asphalt binder.  
 Further  studies  are  needed  to  characterize  binders  composed  of  ANSS  
and asphalt binder using different grades of bitumen such as 40/50, 85/100 
grades. 
 
 This study investigates only using one source of aggregate, thus further study 
shall be done using different sources of aggregates such as sandstone, granite, 
and quartzite aggregates (acidic aggregates). 
 Further study on the other mixture performances such as rutting and fatigue 
performances shall be conducted. 
 Life cycle cost analysis must be conducted for roads constructed using ANSS in 
comparison to those constructed using conventional asphalt binder. 
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 APPENDIX A – Materials Quality Test Result 
Table A-1. Virgin and modified bitumen quality test result 
Type of Test  Test Trials ANSS (%) 
    0% 3% 6% 9% 12% 
Penetration 
at 25℃ , 
100g,5s 
(0.1mm) 
1 68.60 67.5 65.8 65.3 65.3 
2 69.40 68.3 67.3 64.3 64.3 
3 67.10 68.3 68.3 64.2 65.3 
Average 68.4 68.0 67.1 64.6 65.0 
1 68.4 68.4 68.3 65.3 65.5 
2 69.5 67.3 67.3 65.2 64.2 
3 67.4 67.3 67.3 64.3 65.7 
Average 68.4 67.7 67.6 64.9 65.1 
1 68.6 66.4 65.4 65.3 64.8 
2 67.8 64.3 64.3 64.5 65.4 
3 69.2 68.3 64.3 65.3 66.3 
Average 68.5 66.3 64.7 65.0 65.5 
Overall Average 68.4 67.3 66.5 64.9 65.2 
Ductility at 
25℃(mm) 
Brucket-1 155 155 155 155 155 
Brucket-2 155 155 155 155 155 
Brucket-3 155 155 155 155 155 
Overall Average 155.0 155.0 155.0 155.0 155.0 
Softening 
point (℃) 
  
Ring-1 51.5 51.0 52.5 52.9 52.2 
Ring-2 50.5 52.0 51.5 51.7 51.8 
Average 51.00 51.50 52.00 52.30 52.00 
Ring-1 50.3 51.2 52.2 52.3 52.2 
Ring-2 51.4 51.3 51.3 52.8 52.1 
Average 50.85 51.25 51.75 52.55 52.15 
Ring-1 50.3 51.2 51.2 52.4 51.3 
Ring-2 51.1 50.8 51.3 52.2 52.1 
Average 50.70 51.00 51.25 52.30 51.70 
Overall Average 51.2 51.1 51.7 52.7 52.0 
 
Flash & 
Fire Point 
(℃) 
Trial -1 307 310 314 325 318 
Trial -2 305 306 310 319 322 
Average 306 308 312 322 320 
Trial -1 305 308 312 323 316 
Trial -2 304 305 308 317 319 
Average 304.5 306.5 310 320 317.5 
Trial -1 305 307 311 321 317 
Trial -2 304 306 309 318 319 
Average 304.5 306.5 310 319.5 318 
Overall Average 305.0 307.0 310.67 320.5 318.5 
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Table A-2. Specific gravity and Water Absorption of hot bin #4 
Specific Gravity And Water Absorption Of Coarse (hot bin #4) Aggregate 
Test Method : AASHTO T 85-91 
Trial Sample 1 Sample 2 Average 
B. Mass of SSD sample in air (g)                   2582 2575   
C. Mass of saturated sample in water (g)                   1613.2 1608.9   
A. Mass of oven dry sample in air (g)                      2537.2 2535   
Bulk sp. gravity (oven dry)    Sd = A/(B-C) 2.619 2.624 2.621 
Bulk sp. gravity (SSD)           Ss = B/(B-C) 2.665 2.665 2.665 
Water absorption (%)               Aw = (B-A)*100/A 1.77 1.58 1.67 
Specification (%) <2 
            
Table A-3. Specific gravity and Water Absorption of hot bin #3 
Specific Gravity And Water Absorption Of Coarse (hot bin #3) Aggregate 
Test Method : AASHTO T 85-91 
Trial 1 2 Average  
B. Mass of SSD sample in air (g)       2439.5 2418.5 
 
 
C. Mass of saturated sample in water (g) 1526 1513.5   
A. Mass of oven dry sample in air (g)    2395.3 2375.6   
Bulk sp. gravity (oven dry)    Sd = A/(B-C) 2.622 2.625 
 
2.624 
Bulk sp. gravity (SSD)           Ss = B/(B-C) 2.670 2.672 2.671 
Water absorption (%)       Aw = (B-A)*100/A 1.85 1.81 1.83 
Water Absorption Specification (%)           <2 
 
Table A-4. Specific gravity and Water Absorption of hot bin #2 
Specific Gravity And Absorption Of Coarse (hot bin #2) Aggregate 
Test Method : AASHTO T 85-91 
Pycnometer number 1 2 Average  
B. Mass of Pycnometer + water (g) 682.5 682.5 
 
 
S. Mass of SSD Sample in air (g) 249 250   
C. Mass of Pycnometer + water +Sample (g) 838.3 838.4   
A. Mass of Oven dry sample in air (g) 244.8 245.5   
Bulk sp. gravity (oven dry)    Sd = A/(B-C) 2.627 2.609 
 
2.618 
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Bulk sp. gravity (SSD)           Ss = B/(B-C) 2.672 2.657 2.664 
Water absorption            Aw = (B-A)*100/A 1.72 1.83 1.77 
Water Absorption Specification <2 
 
Table A-5. Specific gravity and Water Absorption of hot bin #1 
Specific Gravity And Absorption Of Fine (hot bin #1) Aggregates 
Test Method : AASHTO  T 84-95 
Pycnometer number 1 2 
 
B.  Mass of Pycnometer + water (g) 682.5 682.5 
 
 
S. Mass of SSD sample (g) 250.0 250.0   
C.  Mass of pycnometer + water+ sample (g) 838.6 838.7   
A.  Mass of oven dry sample in air (g) 245.1 245.4   
Bulk sp. gravity (oven dry)    Sd = A*k/(B+S-C) 2.610 2.616 
 
2.613 
Bulk sp. gravity (SSD)           Ss = S*k/(B+S-C) 2.662 2.665 2.664 
Apparent specific gravity      Sr = A*k/(A+B-C) 2.754 2.751 2.753 
Water absorption (%)          Aw = (S-A)*100/A 2.00 1.87 1.937 
Water Absorption Specification (%) <2 
 
Table A-6. Aggregate Crushing Value 
Aggregate Crushing Value  
    Test Method :  BS:812 Part 110 (1990) 
MATERIAL DESCRIPTION : CRUSHED STONE    
  
    
TRIAL No.       1 2 
Mass of sample (12mm pass and 10mm Retain) (g) 2395 2390 
Mass of sample retained on B.S Sieve,2.36mm (g) 2105 2091 
Mass of sample passing B.S Sieve,2.36mm (g) 290 299 
Aggregate Crushing Value (ACV) (%) 12.1 12.5 
Average ACV (%) 12.31  
Specification (%) <25 
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Table A-7. Aggregate LAA test result 
Resistance to Abrasion of Aggregate by using LAA 
Test Method :  AASHTO   T 96-94   
Material Description : 
Crushed Stone 
  
Sieve Sizes 3/4 - 1/2 " 1/2 - 3/8 " 
    
Grade  B 
    
Number Of Balls  11 BALLS 
    
Wt. Of Indicated Size 2500 + 10 2500 + 10 
    
Test Results 
Trial 1 2 Average 
Number Of Revolution 500 500   
Total Wt. of Sample Tested (g) 5000 5000   
Wt. Of Tested Sample Retained On No. 12 Sieve 
(1.7mm) (g) 
4355 4360   
Percent Loss, (%)             12.90  12.80  12.85  
Specification (%) <30 
 
Table A-8. Aggregate Flakiness Test 
Flakiness Index Record  
BS 812:Section 105.1:1989  
SieveNominal Size (mm) Retained Sample  (g) % Retained 
 63 0   
 50 0   
 37.5 0 0.0 
 28 0 0.0 
 20 786 44.0 
 14 500 28.0 
 10 250 14.0 
 6.3 250 14.0 
 Sum 1786 100.0 
 Take Mass Retained in gm for FI Calculation only that of % Retained >5%. 
 Flakiness Index  Calculation 
    Sieve Size (mm) Mass Retained 
(g) 
Mass 
Passing (g) 100% Passing 100% Retained 
63 50 0 0 
50 37.5 0 0 
37.5 28 0 0 
28 20 786 101 
20 14 500 98 
14 10 250 108 
10 6.3 250 85 
TOTAL 1786 392 
 
FI=Total Mass Passing  / Total Mass Retained * 100 
  
FI= 21.95 
  
Specification (%) <45 
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Table A-9. Aggregate Flakiness Test 
 
SAND  EQUIVALENT  VALUE 
TEST METHOD :  AASHTO  T 176 
TEST No.       1 2 
A.    Sand Reading (mm) 96 99 
B.    Clay Reading (mm) 128 126 
Sand Equivalent (%) =   A/B x  100 % 75.0  78.6  
Average Sand Equivalent (%)   76.8 
Specification (%) >40% 
  
Table A-10. Soundness test by using Sodium Sulfate solution 
SOUNDNESS OF AGGREGATE BY USE OF SODIUM SULFATE OR MAGNESIUM 
SULFATE 
TEST METHOD : AASHTO T104-97 
 
        
   
Cycles 
IMMERSION 
No. of 
Hours 
Specific 
gravity of 
solution 
Beginning End 
Date Time Date Time 
1.   Immersion 12/1/2017 5.00 Pm 13/1/2017 10:00 am 17  1.163 
2.   Immersion 13/1/2017 5.00 Pm 14/1/2017 10:00 am 17  1.163 
3.   Immersion 14/1/2017 5.00 Pm 15/1/2017 10:00 am 17  1.163 
4.   Immersion 15/1/2017 5.00 Pm 16/1/2017 10:00 am 17  1.163 
5.   Immersion 16/1/2017 5.00 Pm 17/1/2017 10:00 am 17  1.163 
                      
SOUNDNESS TEST OF FINE AGGREGATE 
SIEVE SIZE                                                                 
( mm ) 
% Retained 
of Original 
Sample 
Mass of Sample
Before Test (g) 
Wt. of 
Sample After 
Test   (g) 
% Loss 
After Test 
  
Weighted 
% Loss  
  
  
Minus 0.15 3.9           
0.3 - 0.15 10.1             
0.6 - 0.3 13.8 100   93.0  7   0.97 
1.18 - 0.6 21.4 100   95.0  5   1.07 
2.36 - 1.18 26.7 100   94.0  6   1.60 
4.75 - 2.36 8.4 100   93.0  7   0.59 
10 - 5               
TOTALS           4.23 
                      
SOUNDNESS TEST OF COARSE AGGREGATE 
SIEVE SIZE                                                                 
( mm ) 
% Retained 
of Original 
Sample 
Mass of Sample
Before Test (g) 
Wt. of 
Sample After 
Test  (g) 
% Loss 
After Test 
  
Weighted 
% Loss  
63 - 50             
50 - 37.5             
37.5 - 25               
 25-19 20.2 500 470 6.2   1.25 
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19-12.5 26.0 1020 975 4.4    1.14 
12.5 - 9.5 
33.6 308 288 6.5    2.18 
9.5 - 4.75 
TOTAL 71              4.58  
Specification <12 
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APPENDIX B – Aggregate Gradation 
Table B-11. Aggregate Gradation 
AGGREGATE BLENDING FOR ASPHALT MIX DESIGN 
LOCATION:  Asphalt mix plant Aggregate Spec (UL & LL) ERA 2002, Technical Specification Table 
6400/8 
   Addis Ababa     
PURPOSE: Agg. For Asphalt mix     
Material Descption: Crushed Basalt     
Percent Passing 
SIEVE  SIZE   25 19.0 12.5 9.5 4.75  2.36  1.18  0.60  0.30  0.15  0.075 
14--25mm    100.0 71.2 7.6 0.9 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
6--14mm   100 100 98.919 76.0 6.5 0.5 0.2 0.1 0.1 0.1 0.1 
3--6mm   100 100 100 99.491 90.7 15.7 5.8 3.3 1.6 0.3 0.2 
0--3mm   100 100 100 99.6 99.2 95.018 64.318 44.718 29.418 23.518 14.718 
Filler   100 100 100 100 100 100 100 100 100 100 100 
 
SIEVE  SIZE Blending % 25 19.0 12.5 9.5 4.75  2.36  1.18  0.60  0.30  0.15  0.075 
14--25mm  25.0  25.0  17.8  1.9  0.2  0.0  0.0  0.0  0.0  0.0  0.0  0.0  
6--14mm 22.0  22.0  22.0  21.8  16.7  1.4  0.1  0.0  0.0  0.0  0.0  0.0  
3--6mm 11.0  11.0  11.0  11.0  10.9  10.0  1.7  0.6  0.4  0.2  0.0  0.0  
0--3mm 40.0  40.0  40.0  40.0  39.8  39.7  38.0  25.7  17.9  11.8  9.4  5.9  
Filler 2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  2.0  
Total  100  100  92.8  76.7  69.7  53.1  41.9  28.4  20.3  14.0  11.5  7.9  
 SIEVE  SIZE   25 19 12.5 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075 
UL (specification)   100.0 100.0 84.0 76.0 60.0 48.0 38.0 28.0 20.0 15.0 10.0 
LL (specification)   100.0 85.0 71.0 62.0 42.0 30.0 22.0 16.0 12.0 8.0 4.0 
Middle range   100 92.5  77.5  69.0  51.0  39.0  30.0  22.0  16.0  11.5  7.0  
Blended Grading   100 92.8  76.7  69.7  53.1  41.9  28.4  20.3  14.0  11.5  7.9  
Addis Ababa Science & Technology University                                                    October 2018 
 
MSc Thesis on Performance Evaluation of ANSS Modified Bitumen Mixture Page 63 
APPENDIX C –Volumetric Analysis & Marshal Stability Results 
Table C-12. Volumetric Analysis and OBC Determination for 0% ANSS Mix 
 Asphalt 
content (%)  
Specimen 
Height 
(mm 
Eff 
BC 
0of 
Mix 
(%) 
Max 
SG of 
mix 
[Gmm] 
Mass Specimen (g) Volume 
of 
specimen 
(cc) 
B.S.G of 
compacted 
mix 
Air SSD 
Air voids 
(%) 
VMA 
(%) 
VFA 
(%) 
Stability 
Flow   
(mm) 
Air dry Water 
Air 
SSD    
Load          
(KN) 
Adjusted 
Load 
(KN) 
A B 
C 
D E F G 
H J K L M 
A - Pba 
* 
Ps/100 
G - F E / H 
( D-
J)*100/ D 
100-
[(100-
A)*J/ 
Gsb] 
(L-
K)*100 
/ L 
4 
67.2     1233.2 698.4 1235.7 537.3 2.295 8.2 15.7 48.1 12.5 12.0 2.72 
67.4     1236.6 705.5 1241.3 535.8 2.308 7.7 15.3 49.8 11.5 11.0 2.79 
67.6     1240.8 702.7 1242.9 540.2 2.297 8.1 15.7 48.3 12.2 11.7 2.37 
Average 67.4 3.3 2.500 1236.9 702.2 1240.0 537.8 2.300 8.0 15.6 48.7 12.0 11.6 2.63 
4.5 
66.9     1244.1 711.2 1246.8 535.6 2.323 6.8 15.2 55.3 13.1 12.6 2.79 
66.4     1237.9 707.3 1240.3 533.0 2.323 6.8 15.2 55.2 13.1 12.6 1.98 
66.7     1240.7 708.6 1242.1 533.5 2.326 6.7 15.1 55.7 13.2 12.5 3.69 
Average 66.7 3.8 2.492 1240.9 709.0 1243.1 534.0 2.324 6.8 15.1 55.4 13.1 12.6 2.82 
5 
66.1     1232.1 707.0 1233.8 526.8 2.339 4.9 15.0 67.6 13.4 12.9 3.27 
66.3     1239.3 709.2 1239.9 530.7 2.335 5.0 15.2 66.9 12.9 12.4 3.12 
66.5     1241.2 710.2 1242.0 531.8 2.334 5.1 15.2 66.7 13.6 13.0 2.82 
Average 66.3 4.3 2.459 1237.5 708.8 1238.6 529.8 2.336 5.0 15.1 67.1 13.3 12.8 3.07 
5.5 65.7     1260.9 727.6 1261.4 533.8 2.362 3.1 14.6 78.6 12.4 11.9 3.45 
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66.5     1278.6 736.9 1279.7 542.8 2.356 3.4 14.9 77.1 13.7 13.1 3.20 
65.2     1255.3 724.8 1256.8 532.0 2.360 3.2 14.7 78.0 11.3 10.8 3.24 
Average 65.8 4.8 2.439 1264.9 729.8 1266.0 536.2 2.359 3.3 14.8 77.9 12.4 11.9 3.30 
6 
64.9     1257.0 727.7 1257.5 529.8 2.373 2.4 14.7 83.8 13.4 12.8 2.78 
65.4     1261.1 730.4 1261.4 531.0 2.375 2.3 14.6 84.3 12.4 11.9 4.00 
65.8     1264.4 733.9 1264.8 530.9 2.382 2.0 14.4 86.0 11.1 10.6 4.45 
Average 65.4 5.3 2.431 1260.8 730.7 1261.2 530.6 2.376 2.2 14.6 84.7 12.3 11.8 3.74 
 
Table C-13. Summary of Volumetric and Marshall Data for 0% ANSS Mix 
Asphalt 
Content, 
By Weight 
of Total 
Mix (%) 
Bulk Specific 
Gravity of 
Compacted 
Mix 
Theoretical 
Maximum 
Specific 
Gravity 
(Gmm) 
Air Void In 
Compacted 
Mix (Void) 
(%) 
Void In Mineral 
Aggregate (VMA) 
(%) 
Void Filled 
With 
Asphalt 
(VFA) (%) 
Stability 
(KN) 
Flow 
(mm) 
Marshall 
Quotient   
(KN/mm) 
Filler/ 
Bitumen 
ratio 
4.0 2.300 2.500 8.0 15.6 48.7 11.6 2.63 4.4 0.5 
4.5 2.324 2.492 6.8 15.1 55.4 12.6 2.82 4.5 0.4 
5.0 2.336 2.459 5.0 15.1 67.1 12.8 3.07 4.2 0.4 
5.5 2.359 2.439 3.3 14.8 77.9 11.9 3.30 3.6 0.4 
6.0 2.376 2.431 2.2 14.6 84.7 11.8 3.74 3.1 0.3 
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Table C-14. Volumetric Analysis and OBC Determination for 3% ANSS Mix 
Asphalt 
content 
(%)  
Specimen 
Height  
(mm) 
Eff. BC of 
Mix (%) 
Max 
SG of 
mix 
(Gmm) 
      Mass Specimen (g) Volume 
of 
specimen 
(cc) 
B. S.G of 
compacted 
mix 
Air 
voids 
(%) 
VMA 
(%) 
VFA 
(%) 
Stability 
Flow 
(mm) 
Air dry Water 
Air 
SSD 
Load          
(KN) 
Adjusted 
Load 
(KN) 
A B 
C 
D E F G 
H J K L M 
A - Pba * 
Ps/100 
G - F E / H 
( D-
J)*100/ 
D 
100-
[(100-
A)*J/ 
Gsb] 
(L-
K)*100 
/ L 
4 
67.3     1238.3 698.4 1243.6 545.2 2.271 9.5 16.6 43.0 13.4 12.9 1.78 
67.0     1228.5 705.5 1231.6 526.1 2.335 6.9 14.3 51.5 12.9 12.4 2.53 
67.1     1237.7 702.7 1240.2 537.5 2.303 8.2 15.5 46.9 11.5 11.0 1.91 
Average 67.1 3.2 2.509 1234.8 702.2 1238.5 536.3 2.303 8.2 15.5 47.1 12.6 12.1 2.07 
4.5 
66.2     1234.1 706.0 1236.8 530.8 2.325 6.9 15.1 54.5 12.5 12.0 2.51 
66.6     1242.2 710.0 1245.2 535.2 2.321 7.0 15.2 53.9 12.5 12.0 2.77 
67.2     1254.3 716.6 1256.5 539.9 2.323 6.9 15.2 54.2 13.3 12.6 2.64 
Average 66.7 3.5 2.496 1243.5 710.9 1246.2 535.3 2.323 6.9 15.2 54.2 12.8 12.2 2.64 
5 
65.9     1234.8 710.0 1237.7 527.7 2.340 5.8 15.0 61.1 12.2 11.7 3.58 
66.5     1253.7 718.3 1254.9 536.6 2.336 6.0 15.1 60.5 13.7 13.1 2.33 
66.7     1254.6 718.0 1255.5 537.5 2.334 6.1 15.2 60.1 13.2 12.6 3.44 
Average 66.4 4.0 2.485 1247.7 715.4 1249.4 533.9 2.337 6.0 15.1 60.6 13.0 12.5 3.12 
5.5 
65.7     1257.1 727.6 1258.2 530.6 2.369 4.1 14.4 71.4 12.2 11.8 3.13 
66.9     1265.9 731.4 1266.4 535.0 2.366 4.2 14.5 70.7 12.2 11.7 3.42 
65.5     1254.3 723.0 1254.6 531.6 2.359 4.5 14.7 69.4 11.2 10.7 3.34 
Average 66.0 4.5 2.471 1259.1 727.3 1259.7 532.4 2.365 4.3 14.5 70.5 11.9 11.4 3.30 
 65.4     1257.7 729.7 1258.2 528.5 2.380 2.8 14.5 80.8 10.6 10.1 4.14 
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6 65.7     1266.1 734.5 1266.8 532.3 2.379 2.8 14.5 80.5 11.7 11.2 3.75 
65.9     1267.0 733.8 1267.3 533.5 2.375 3.0 14.6 79.7 11.5 11.1 3.71 
Average 65.7 5.0 2.448 1263.6 732.7 1264.1 531.4 2.378 2.9 14.5 80.3 11.3 10.8 3.87 
 
Table C-15. Summary of Volumetric and Marshall Data for 3% ANSS Mix 
Asphalt 
Content, 
By Weight 
of Total 
Mix (%) 
Bulk Specific 
Gravity of 
Compacted 
Mix 
Theoretical 
Maximum 
Specific 
Gravity 
(Gmm) 
Air Void In 
Compacted 
Mix (VIM) 
(%) 
Void In Mineral 
Aggregate (VMA) 
(%) 
Void Filled 
With 
Asphalt 
(VFA) (%) 
Stability 
(KN) 
Flow 
(mm) 
Marshall 
Quotient   
(KN/mm) 
Filler/ 
Bitumen 
ratio 
4.0 2.303 2.509 8.2 15.5 47.1 12.1 2.07 5.8 0.5 
4.5 2.323 2.496 6.9 15.2 54.2 12.2 2.64 4.6 0.4 
5.0 2.337 2.485 6.0 15.1 60.6 12.5 3.12 4.0 0.4 
5.5 2.365 2.471 4.3 14.5 70.5 11.4 3.30 3.5 0.4 
6.0 2.378 2.448 2.9 14.5 80.3 10.8 3.87 2.8 0.3 
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Table C-16. Volumetric Analysis and OBC Determination for 6% ANSS Mix 
Asphalt 
content 
(%)  
Specimen 
Height 
(mm) 
Eff. BC of 
Mix (%) 
Max 
SG of 
the 
mix 
(Gmm) 
      Mass Specimen (g) 
Volume 
of 
specimen 
(cc) 
Bulk S.G of 
compacted 
mix 
Air 
voids 
(%) 
VMA 
(%) 
VFA 
(%) 
Stability 
Flow 
(mm) 
Air dry Water 
Air 
SSD 
Load          
(KN) 
Adjusted 
Load 
(KN) 
A B 
C 
D E F G 
H J K L M 
A - Pba * 
Ps/100 
G - F E / H 
( D-
J)*100/ 
D 
100-
[(100-
A)*J/ 
Gsb] 
(L-
K)*100 
/ L 
4 
65.1     1232.3 695.6 1235.6 540.0 2.282 9.5 16.2 41.2 12.9 12.4 2.34 
65.3     1230.0 694.9 1233.4 538.5 2.284 9.5 16.2 41.4 13.3 12.8 3.17 
65.4     1223.0 692.6 1226.4 533.8 2.291 9.2 15.9 42.2 11.0 10.6 1.93 
Average 65.3 3.0 2.523 1228.4 694.4 1231.8 537.4 2.286 9.4 16.1 41.6 12.4 11.9 2.48 
4.5 
66.1     1247.4 709.9 1251.2 541.3 2.304 8.1 15.8 49.1 12.5 12.0 2.80 
66.3     1238.7 704.7 1242.8 538.1 2.302 8.2 15.9 48.7 12.6 12.1 3.50 
66.5     1242.6 705.4 1246.1 540.7 2.298 8.3 16.1 48.2 12.9 12.2 2.34 
Average 66.3 3.5 2.507 1242.9 706.7 1246.7 540.0 2.302 8.2 16.0 48.7 12.6 12.1 2.88 
5 
66.1     1250.8 718.2 1254.6 536.4 2.332 6.4 15.3 58.3 13.5 13.0 2.40 
66.0     1255.2 719.3 1257.0 537.7 2.334 6.3 15.2 58.7 13.5 12.9 3.56 
66.2     1256.1 720.2 1259.1 538.9 2.331 6.4 15.3 58.1 14.4 13.8 3.12 
Average 66.1 4.0 2.491 1254.0 719.2 1256.9 537.7 2.332 6.4 15.3 58.3 13.8 13.2 3.03 
5.5 
67.1     1255.6 724.1 1256.9 532.8 2.357 4.2 14.8 72.0 11.2 10.8 3.77 
67.0     1249.5 721.0 1251.6 530.6 2.355 4.2 14.9 71.7 11.7 11.3 3.27 
66.9     1242.1 716.5 1243.9 527.4 2.355 4.2 14.9 71.7 11.4 11.0 2.93 
Average 67.0 4.5 2.459 1249.1 720.5 1250.8 530.3 2.356 4.2 14.9 71.8 11.5 11.0 3.32 
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64.9     1246.7 720.3 1248.2 527.9 2.362 3.6 15.1 76.4 10.1 9.7 3.23 
65.4     1275.6 739.3 1275.9 536.6 2.377 2.9 14.6 79.9 13.2 12.6 3.50 
65.8     1255.5 726.5 1256.7 530.2 2.368 3.3 14.9 77.8 11.3 10.9 3.46 
Average 65.4 5.0 2.449 1259.3 728.7 1260.3 531.6 2.369 3.3 14.9 78.0 11.5 11.1 3.40 
 
Table C-17. Summary of Volumetric and Marshall Data for 6% ANSS Mix 
Asphalt 
Content, By 
Weight of 
Total Mix 
(%) 
Bulk Specific 
Gravity of 
Compacted 
Mix 
Theoretical 
Max. Sp. 
Gravity 
(Gmm) 
Air Void In 
Compacted 
Mix (Void) 
(%) 
Void In 
Mineral 
Aggregate 
(VMA) (%) 
Void Filled 
With 
Asphalt 
(VFA) (%) 
Stability 
(KN) 
Flow 
(mm) 
Marshall 
Quotient   
(KN/mm) 
Filler/ 
Bitumen 
ratio 
4.0 2.286 2.523 9.4 16.1 41.6 11.9 2.48 4.8 0.5 
4.5 2.302 2.507 8.2 16.0 48.7 12.1 2.88 4.2 0.4 
5.0 2.332 2.491 6.4 15.3 58.3 13.2 3.03 4.4 0.4 
5.5 2.356 2.459 4.2 14.9 71.8 11.0 3.32 3.3 0.4 
6.0 2.369 2.449 3.3 14.9 78.0 11.1 3.40 3.3 0.3 
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Table C-18. Volumetric Analysis and OBC Determination for 9% ANSS Mix 
Asphalt 
content 
(%)  
Specimen 
Height 
(mm) 
Eff.  BC of 
Mix (%) 
Max 
SG of 
the 
mix 
(Gmm) 
      Mass Specimen (g) 
Volume 
of 
specimen 
(cc) 
Bulk S.G of 
compacted 
mix 
Air 
voids 
(%) 
VMA 
(%) 
VFA 
(%) 
Stability 
Flow 
(mm) 
Air dry Water 
Air 
SSD 
Load          
(KN) 
Adjusted 
Load 
(KN) 
A B 
C 
D E F G 
H J K L M 
A - Pba * 
Ps/100 
G - F E / H 
( D-
J)*100/ 
D 
100-
[(100-
A)*J/ 
Gsb] 
(L-
K)*100 
/ L 
4 
67.9     1258.6 715.3 1261.5 546.2 2.304 9.5 15.4 38.1 12.2 11.7 3.05 
66.8     1244.4 706.3 1247.4 541.1 2.300 9.7 15.6 37.6 13.5 12.9 2.89 
67.2     1254.1 714.0 1257.0 543.0 2.310 9.3 15.2 38.7 13.1 12.6 2.34 
Average 67.3 2.6 2.547 1252.4 711.9 1255.3 543.4 2.305 9.5 15.4 38.1 12.9 12.4 2.76 
4.5 
67.4     1258.1 721.0 1260.6 539.6 2.332 8.1 14.9 45.7 11.0 10.6 1.97 
67.0     1255.8 717.9 1257.2 539.3 2.329 8.2 15.0 45.4 13.6 13.0 3.49 
67.0     1262.8 723.4 1264.7 541.3 2.333 8.0 14.8 45.9 14.3 13.5 2.89 
Average 67.1 3.2 2.536 1258.9 720.8 1260.8 540.1 2.331 8.1 14.9 45.7 13.0 12.4 2.78 
5 
66.6     1248.3 716.0 1249.5 533.5 2.340 6.6 15.0 55.8 12.4 11.9 3.48 
66.5     1226.2 704.1 1227.8 523.7 2.341 6.6 14.9 56.0 13.9 13.3 3.42 
66.6     1227.0 702.4 1225.7 523.3 2.345 6.4 14.8 56.6 14.6 14.0 2.91 
Average 66.6 3.7 2.506 1233.8 707.5 1234.3 526.8 2.342 6.5 14.9 56.1 13.6 13.1 3.27 
5.5 
66.5     1250.4 721.3 1251.7 530.4 2.357 4.9 14.8 67.1 13.6 13.1 3.31 
66.5     1262.7 729.8 1263.6 533.8 2.365 4.6 14.5 68.6 12.3 11.8 3.79 
66.5     1245.7 720.5 1246.6 526.1 2.368 4.5 14.4 69.1 16.0 15.3 3.20 
Average 66.5 4.2 2.478 1252.9 723.9 1254.0 530.1 2.364 4.6 14.6 68.3 14.0 13.4 3.43 
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65.0     1244.4 721.1 1245.0 523.9 2.375 3.3 14.6 77.4 11.8 11.3 3.88 
65.2     1265.1 735.4 1265.8 530.4 2.385 2.9 14.3 79.7 13.1 12.5 3.86 
66.5     1296.1 752.6 1297.3 544.7 2.379 3.1 14.5 78.4 13.5 13.0 4.27 
Average 65.6 4.7 2.456 1268.5 736.4 1269.4 533.0 2.380 3.1 14.5 78.5 12.8 12.3 4.00 
 
Table C-19. Summary of Volumetric and Marshall Data for 9% ANSS Mix 
Asphalt 
Content, 
By Weight 
of Total 
Mix (%) 
Bulk Specific 
Gravity of 
Compacted 
Mix 
Theoretical 
Maximum 
Specific 
Gravity 
(Gmm) 
Air Void In 
Compacted 
Mix (Void) 
(%) 
Void In 
Mineral 
Aggregate 
(VMA) (%) 
Void Filled 
With 
Asphalt 
(VFA) (%) 
Stability 
(KN) 
Flow 
(mm) 
Marshall 
Quotient   
(KN/mm) 
Filler/ 
Bitumen 
ratio 
4.0 2.305 2.547 9.5 15.4 38.1 12.4 2.76 4.5 0.5 
4.5 2.331 2.536 8.1 14.9 45.7 12.4 2.78 4.5 0.4 
5.0 2.342 2.506 6.5 14.9 56.1 13.1 3.27 4.0 0.4 
5.5 2.364 2.478 4.6 14.6 68.3 13.4 3.43 3.9 0.4 
6.0 2.380 2.456 3.1 14.5 78.5 12.3 4.00 3.1 0.3 
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Table C-20. Volumetric Analysis and OBC Determination for 12% ANSS Mix 
Asphalt 
content 
(%) 
Specimen 
Height 
(mm) 
Effective 
BC of 
Mix (%) 
Max 
SG of 
the 
mix 
(Gmm) 
      Mass Specimen (g) 
Volume of 
specimen 
(cc) 
Bulk S.G of 
compacted 
mix 
Air 
voids 
(%) 
VMA 
(%) 
VFA 
(%) 
Stability 
Flow 
(mm) 
Air dry Water 
Air 
SSD 
Load          
(KN) 
Adjusted 
Load 
(KN) 
A B 
C 
D E F G 
H J K L M 
A - Pba * 
Ps/100 
G - F E / H 
( D-
J)*100/ 
D 
100-
[(100-
A)*J/ 
Gsb] 
(L-
K)*100 
/ L 
4 
67.5     1257.2 711.3 1259.8 548.5 2.292 10.2 15.9 35.4 11.9 11.4 3.08 
67.6     1253.5 712.9 1251.7 538.8 2.326 8.9 14.6 39.0 12.5 12.0 2.53 
66.3     1246.3 704.5 1249.0 544.5 2.289 10.4 16.0 35.1 13.1 12.6 2.48 
Average 67.1 2.6 2.554 1252.3 709.6 1253.5 543.9 2.302 9.8 15.5 36.5 12.5 12.0 2.70 
4.5 
66.8     1258.3 715.2 1259.8 544.6 2.311 8.6 15.6 44.9 12.5 12.0 2.65 
66.5     1252.3 713.9 1253.5 539.6 2.321 8.2 15.3 46.2 11.8 11.3 2.80 
67.4     1267.6 725.0 1269.8 544.8 2.327 8.0 15.0 47.0 13.8 13.1 3.45 
Average 66.9 3.1 2.528 1259.4 718.0 1261.0 543.0 2.319 8.3 15.3 46.0 12.7 12.1 2.97 
5 
66.6     1249.3 713.3 1250.3 537.0 2.326 7.6 15.5 51.2 11.9 11.4 3.13 
66.5     1226.2 705.0 1228.1 523.1 2.344 6.9 14.8 53.9 12.6 12.1 3.25 
66.6     1227.0 702.4 1225.7 523.3 2.345 6.8 14.8 54.0 13.6 13.0 2.95 
Average 66.6 3.6 2.517 1234.2 706.9 1234.7 527.8 2.338 7.1 15.1 53.0 12.7 12.2 3.11 
5.5 
66.5     1260.7 729.9 1261.4 531.5 2.372 3.9 14.3 72.6 11.7 11.2 3.15 
66.5     1245.3 721.1 1247.8 526.7 2.364 4.2 14.6 71.0 13.1 12.6 2.89 
66.5     1254.2 729.8 1267.6 537.8 2.332 5.5 15.7 64.9 10.9 10.5 4.11 
Average 66.5 4.1 2.469 1253.4 726.9 1258.9 532.0 2.356 4.6 14.9 69.5 11.9 11.4 3.38 
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65.0     1258.4 732.1 1259.1 527.0 2.388 3.0 14.2 78.7 11.0 10.5 3.86 
65.2     1265.1 735.2 1268.5 533.3 2.372 3.6 14.7 75.2 12.6 12.1 4.21 
66.5     1269.9 743.6 1273.4 529.8 2.397 2.6 13.8 80.9 11.1 10.7 3.95 
Average 65.6 4.7 2.462 1264.5 737.0 1267.0 530.0 2.386 3.1 14.3 78.3 11.6 11.1 4.01 
 
 
Table C-21. Summary of Volumetric and Marshall Data for 12% ANSS Mix 
Asphalt 
Content, By 
Weight of 
Total Mix 
(%) 
Bulk Specific 
Gravity of 
Compacted Mix 
Theoretical 
Max. Specific 
Gravity 
(Gmm) 
Air Void In 
Compacted 
Mix (Void) 
(%) 
Void In 
Mineral 
Aggregate 
(VMA) (%) 
Void Filled 
With 
Asphalt 
(VFA) (%) 
Stability 
(KN) 
Flow 
(mm) 
Marshall 
Quotient   
(KN/mm) 
Filler/ 
Bitumen 
ratio 
4.0 2.302 2.554 9.8 15.5 36.5 12.0 2.70 4.5 0.5 
4.5 2.319 2.528 8.3 15.3 46.0 12.1 2.97 4.1 0.4 
5.0 2.338 2.517 7.1 15.1 53.0 12.2 3.11 3.9 0.4 
5.5 2.356 2.469 4.6 14.9 69.5 11.4 3.38 3.4 0.4 
6.0 2.386 2.462 3.1 14.3 78.3 11.1 4.01 2.8 0.3 
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Figure C-5-1. Effect of ANSS on the Asphalt Mixture Stability 
 
 
 
Figure C-5-2. Effect of ANSS on the Asphalt Mixture Flow 
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Figure C-5-3. Effect of ANSS on Air Void at Various Asphalt Content 
 
 
Figure C-5-4. Effect of ANSS on the VMA at Various Asphalt Content 
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Figure C-5-5. Effect of ANSS on the VFA at Various Asphalt Content 
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Appendix D – Moisture Sensitivity Test Result 
Table D-22. ITS test Result for 0% ANSS Asphalt Mix 
Asphalt 
             Source ERCC 
           Grade 60/70 
           ANSS content 0% 
           Gmm at OBC 2.446 
           
               
Sample 
No. 
Conditionin
g status 
OBC 
(%) 
Thickn
ess, T 
(mm) 
Diamet
er, D 
(mm) 
Mass in gram 
Air SSD 
after 
Vacuum 
(g) 
Vol of 
specim
en (cc) 
Bulk S.G of 
compacted 
mix 
Air 
Void 
degree of 
saturation Maximum 
Load (KN) 
ITS 
(kPa) Air 
dry Water Air SSD 
1 
Un-
conditioned 
5.32 67.3 101.6                 9.7 903.57 
2 5.32 66.9 101.6                 9.3 871.49 
3 5.32 66.7 101.6                 9.4 883.50 
Average       9.47 886.19 
4 
Conditioned 
5.32 66.1 101.6 1239.1 702.1 1244.9 1249.4 542.8 2.283 6.7% 67.5% 6.6 625.96 
5 5.32 67.1 101.6 1247 704.5 1250 1253.8 545.5 2.286 6.5% 58.2% 7.2 672.69 
6 5.32 66.4 101.6 1249.2 709.2 1255.4 1259.3 546.2 2.287 6.5% 60.1% 6.7 632.58 
Average 2.285 6.6%   6.83 643.74 
               
    
S1=  886.19 where: 
      TSR/Tensile Strength Ratio/ =S2/S1 S2=  643.74 S1= average tensile strength of the unconditioned set (Kpa) 
  
   
TSR= 72.6% S2= average tensile strength of the conditioned/moisture damaged/ (Kpa) 
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Table D-23. ITS test Result for 3% ANSS Asphalt Mix 
Asphalt 
             Source ERCC 
           Grade 60/70 
           ANSS content 3% 
           Gmm at OBC 2.465 
                          
Sample 
No. 
Conditioning 
status 
OBC 
(%) 
Thick
ness, 
T 
(mm) 
Diame
ter, D 
(mm) 
Mass in gram 
Air SSD 
after 
Vacuum 
(g) 
Vol of 
specime
n (cc) 
Bulk S.G 
of 
compacted 
mix 
Air 
Void 
degree of 
saturation 
Maximum 
Load 
(KN) 
ITS 
(kPa) 
Air dry Water Air SSD 
1 
Un-
conditioned 
5.63 65.9 101.6                 10.3 979.85 
2 5.63 66.1 101.6                 9.7 919.98 
3 5.63 66.8 101.6                 9.2 863.41 
Average       9.73 921.08 
4 
Conditioned 
5.63 67 101.6 1249.2 713.6 1258.1 1262.5 544.5 2.294 6.9% 63.5% 8.1 757.91 
5 5.63 66.2 101.6 1243.5 709.8 1250.9 1254.8 541.1 2.298 6.8% 57.6% 7.7 729.19 
6 5.63 66.8 101.6 1247.6 715 1256.7 1260.6 541.7 2.303 6.6% 59.4% 8.1 760.18 
Average 2.298 6.8%   7.97 749.09 
               
    
S1=  921.08 where: 
      TSR/Tensile Strength Ratio/ =S2/S1 S2=  749.09 S1= average tensile strength of the unconditioned set (Kpa) 
  
   
TSR= 81.3% S2= average tensile strength of the conditioned/moisture damaged/ (Kpa) 
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Table D-24. ITS test Result for 6% ANSS Asphalt Mix 
Asphalt 
             Source ERCC 
           Grade 60/70 
           ANSS content 6% 
           Gmm at OBC 2.455 
           
               
Sample 
No. 
Conditioning 
status 
OBC 
(%) 
Thick
ness T 
(mm) 
Diamet
er D 
(mm) 
Mass in gram 
Air SSD 
after 
Vacuum 
(mm) 
Vol of 
specime
n (cc) 
Bulk S.G 
of 
compacted 
mix 
Air 
Void 
degree of 
saturation Maximum 
Load (KN) 
ITS 
(kPa) 
Air dry Water 
Air 
SSD 
1 
Un-
conditioned 
5.7 66.8 101.6                 10.4 976.03 
2 5.7 65.8 101.6                 10.2 971.81 
3 5.7 66.3 101.6                 10.8 1021.21 
Average       10.47 989.68 
4 
Conditioned 
5.7 66.4 101.6 1255.3 716.3 1265.1 1269.4 548.8 2.287 6.8% 63.0% 9.1 859.17 
5 5.7 66.1 101.6 1252.7 715.9 1260.5 1264.7 544.6 2.300 6.3% 66.7% 7.5 711.32 
6 5.7 66.7 101.6 1258 717.1 1266.4 1270.6 549.3 2.290 6.7% 62.6% 7.8 733.12 
Average 2.293 6.6%   8.13 767.87 
               
    
S1=  989.68 where: 
      TSR/Tensile Strength Ratio/ =S2/S1 S2=  767.87 S1= average tensile strength of the unconditioned set (Kpa) 
  
   
TSR= 77.6% S2= average tensile strength of the conditioned/moisture damaged/ (Kpa) 
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Table D-25. ITS test Result for 9% ANSS Asphalt Mix 
Asphalt 
             Source ERCC 
           Grade 60/70 
           ANSS content 9% 
           Gmm at OBC 2.468 
           
               
Sample 
No. 
Conditioning 
status 
OBC 
(%) 
Thickne
ss, T 
(mm) 
Diame
ter, D 
(mm) 
Mass in gram 
Air SSD 
after 
Vacuum 
(mm) 
Vol of 
specime
n (cc) 
Bulk S.G 
of 
compacted 
mix 
Air 
Void 
degree of 
saturation 
Maximum 
Load 
(KN) 
ITS (kPa) 
Air dry Water 
Air 
SSD 
1 
Un-
conditioned 
5.73 66.5 101.6                 11.1 1046.42 
2 5.73 66.7 101.6                 10.6 996.29 
3 5.73 67.1 101.6                 11.2 1046.41 
Average       10.97 1029.71 
4 
Conditioned 
5.73 66.1 101.6 1254.2 719.3 1265.8 1270.6 546.5 2.295 7.0% 68.4% 9.1 863.07 
5 5.73 67.1 101.6 1253.9 718.3 1265.9 1271.3 547.6 2.290 7.2% 74.7% 8.5 794.15 
6 5.73 66.4 101.6 1249.2 713.6 1258.6 1263.4 545 2.292 7.1% 67.3% 8.8 830.85 
Average 2.292 7.1%   8.80 829.36 
               
    
S1=  1029.71 where: 
      TSR/Tensile Strength Ratio/ =S2/S1 S2=  829.36 S1= average tensile strength of the unconditioned set (Kpa) 
  
   
TSR= 80.5% S2= average tensile strength of the conditioned/moisture damaged/ (Kpa) 
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Table D-26. ITS test Result for 12% ANSS Asphalt Mix 
Asphalt 
             Source ERCC 
           Grade 60/70 
           ANSS content 12% 
           Gmm at OBC 2.465 
           
               
Sampl
e No. 
Conditionin
g status 
OBC 
(%) 
Thick
ness T 
(mm) 
Diame
ter D 
(mm) 
Mass in gram 
Air SSD 
after 
Vacuum 
(g) 
Vol of 
specime
n (cc) 
Bulk S.G 
of 
compacted 
mix 
Air 
Void 
degree of 
saturation 
Maxim
um 
Load 
(KN) 
ITS (kPa) 
Air dry 
Wate
r Air SSD 
1 
Un-
conditioned 
5.75 66.8 101.6                 10.9 1022.96 
2 5.75 66.9 101.6                 11.2 1049.54 
3 5.75 65.8 101.6                 11.3 1076.61 
Average       11.13 1049.70 
4 
Conditioned 
5.75 66.7 101.6 1268.1 721.8 1274.2 1278.9 552.4 2.296 6.9% 68.3% 9.1 855.31 
5 5.75 67.2 101.6 1271 725.6 1278.3 1282.8 552.7 2.300 6.7% 67.0% 9.7 904.92 
6 5.75 66.3 101.6 1254.6 718.4 1262 1266.6 543.6 2.308 6.4% 72.1% 8.9 841.56 
Average 2.301 6.7%   9.23 867.26 
               
    
S1=  1049.70 where: 
      TSR/Tensile Strength Ratio/ =S2/S1 S2=  867.26 S1= average tensile strength of the unconditioned set (Kpa) 
  
   
TSR= 82.6% S2= average tensile strength of the conditioned/moisture damaged/ (Kpa) 
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Appendix E – Statistical Analysis Using ANOVA 
Table E-27. ANOVA of Air Void for different percentage of ANSS modified mixture 
Binder Content (%) 
ANSS content 
 0% 3% 6% 9% 12% 
 4 7.98 8.21 9.40 9.53 9.84 
 4.5 6.75 6.95 8.19 8.08 8.27 
 5 4.99 5.96 6.36 6.55 7.08 
 5.5 3.26 4.29 4.19 4.63 4.55 
 6 2.23 2.86 3.27 3.11 3.10 
 
       Anova: Single Factor 
     SUMMARY 
      Groups Count Sum Average Variance 
  Column 1 5 25.217 5.043 5.658 
  Column 2 5 28.261 5.652 4.483 
  Column 3 5 31.412 6.282 6.696 
  Column 4 5 31.899 6.380 6.654 
  Column 5 5 32.841 6.568 7.480 
  
       ANOVA 
      Source of Variation SS df MS F P-value F crit 
Between Groups 7.909 4 1.977 0.319 0.862 2.866 
Within Groups 123.885 20 6.194 
          Total 131.794 24 
     
Table E-28. ANOVA of VMA for different percentage of ANSS modified mixture 
Binder Content 
ANSS content 
 
0% 3% 6.% 9% 12% 
 
4 15.57 15.46 16.09 15.40 15.48 
 
4.5 15.15 15.17 15.95 14.88 15.30 
 
5 15.14 15.11 15.27 14.92 15.05 
 
5.5 14.75 14.54 14.88 14.59 14.51 
 
6 14.58 14.54 14.85 14.46 14.43 
 
       Anova: Single Factor 
      
       SUMMARY 
      
Groups Count Sum Average Variance 
  
Column 1 5 75.199 15.040 0.148 
  
Column 2 5 74.820 14.964 0.167 
  
Column 3 5 77.059 15.412 0.343 
  
Column 4 5 74.255 14.851 0.134 
  
Column 5 5 74.779 14.956 0.220 
  
       
Addis Ababa Science & Technology University                                                    October 2018 
 
MSc Thesis on Performance Evaluation of ANSS Modified Bitumen Mixture Page 82 
ANOVA 
      
Source of Variation SS df MS F P-value F crit 
Between Groups 0.9334 4 0.2333 1.1522 0.3612 2.8661 
Within Groups 4.0503 20 0.2025 
   
       Total 4.9837 24         
 
Table E-29. ANOVA of VFA for different percentage of ANSS modified mixture 
Binder Content 
(%) 
ANSS content 
 0% 3% 6% 9% 12% 
 4 48.74 47.13 41.60 38.13 36.50 
 4.5 55.42 54.21 48.69 45.68 45.99 
 5 67.06 60.58 58.34 56.14 53.02 
 5.5 77.91 70.51 71.82 68.28 69.50 
 6 84.69 80.32 78.01 78.50 78.28 
        Anova: Single Factor 
            SUMMARY 
      Groups Count Sum Average Variance 
  Column 1 5 333.825 66.765 224.745 
  Column 2 5 312.748 62.550 172.521 
  Column 3 5 298.467 59.693 233.181 
  Column 4 5 286.727 57.345 268.475 
  Column 5 5 283.301 56.660 291.451 
  
       ANOVA 
      Source of Variation SS df MS F P-value F crit 
Between Groups 343.716 4 85.9291 0.3609 0.8334 2.8661 
Within Groups 4761.497 20 238.0748 
          Total 5105.213 24 
     
Table E-30. ANOVA of Gmm for different percentage of ANSS modified mixture 
Binder Content (%) 
ANSS content 
 0% 3% 6% 9% 12% 
 4 2.500 2.509 2.523 2.547 2.554 
 4.5 2.492 2.496 2.507 2.536 2.528 
 5 2.459 2.485 2.491 2.506 2.517 
 5.5 2.439 2.471 2.459 2.478 2.469 
 6 2.431 2.448 2.449 2.456 2.462 
 
       Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  Column 1 5 12.319 2.464 0.001 
  Column 2 5 12.409 2.482 0.001 
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Column 3 5 12.428 2.486 0.001 
  Column 4 5 12.524 2.505 0.001 
  Column 5 5 12.529 2.506 0.002 
  
       ANOVA 
      Source of Variation SS df MS F P-value F crit 
Between Groups 0.00613 4 0.0015 1.3909 0.2729 2.8661 
Within Groups 0.02205 20 0.0011 
          Total 0.02818 24         
 
Table E-31. ANOVA of Stability for different percentage of ANSS modified mixture 
Binder Content (%) 
ANSS content 
 0% 3% 6% 9% 12% 
 4 11.56 12.11 11.92 12.40 12.02 
 4.5 12.57 12.22 12.09 12.39 12.13 
 5 12.78 12.50 13.24 13.07 12.19 
 5.5 11.94 11.40 11.00 13.40 11.41 
 6 11.77 10.81 11.07 12.28 11.10 
        Anova: Single Factor 
             SUMMARY 
      Groups Count Sum Average Variance 
  Column 1 5 60.625 12.125 0.279 
  Column 2 5 59.040 11.808 0.475 
  Column 3 5 59.323 11.865 0.835 
  Column 4 5 63.533 12.707 0.246 
  Column 5 5 58.840 11.768 0.236 
  
       ANOVA 
      Source of Variation SS df MS F P-value F crit 
Between Groups 3.045 4 0.761 1.838 0.161 2.866 
Within Groups 8.286 20 0.414 
          Total 11.331 24 
     
Table E-32. ANOVA of Flow for different percentage of ANSS modified mixture 
Binder Content (%) 
ANSS content 
 0% 3% 6% 9% 12% 
 4 2.63 2.07 2.48 2.76 2.70 
 4.5 2.82 2.64 2.88 2.78 2.97 
 5 3.07 3.12 3.03 3.27 3.11 
 5.5 3.30 3.30 3.32 3.43 3.38 
 6 3.74 3.87 3.40 4.00 4.01 
        Anova: Single Factor 
     SUMMARY 
      Groups Count Sum Average Variance 
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Column 1 5 15.5567 3.11133 0.18881 
  Column 2 5 14.9933 2.99867 0.46026 
  Column 3 5 15.1067 3.02133 0.13628 
  Column 4 5 16.25 3.25 0.26485 
  Column 5 5 16.1633 3.23267 0.24872 
         ANOVA 
      Source of Variation SS df MS F P-value F crit 
Between Groups 0.27043 4 0.06761 0.26025 0.89992 2.86608 
Within Groups 5.19569 20 0.25978 
          Total 5.46613 24 
     
 
Table E-33. ANOVA of moisture damage of conditioned mixture 
Statistical analysis of Conditioned tensile strength of ANSS Modified Bitumen 
Asphalt Mixture using ANOVA 
  
ITS Result for Conditioned Test 
 
  
0% 3% 6% 9% 12% 
 
  
673.39 757.91 859.17 863.07 855.31 
 
  
672.69 729.19 711.32 794.15 904.92 
 
  
651.46 760.18 733.12 830.85 841.56 
 
 
Average 665.85 749.09 767.87 829.36 867.26 
 
        1 Anova: Single Factor 
              
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
Column 1 3 1997.54 665.8458 155.3377 
  
 
Column 2 3 2247.27 749.0914 298.4035 
          
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 10394.74 1 10394.74 45.81791 0.002485 7.70865 
 
Within Groups 907.4823 4 226.8706 
   
        
 
Total 11302.22 5 
    
        2 Anova: Single Factor 
             
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
3% 3 2247.27 749.0914 298.4035 
  
 
6% 3 2303.61 767.8715 6370.579 
                  
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 529.0393 1 529.0393 0.158657 0.710742 7.70865 
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Within Groups 13337.96 4 3334.491 
   
        
 
Total 13867 5 
    
        3 Anova: Single Factor 
             
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
6% 3 2303.61 767.8715 6370.579 
  
 
9% 3 2488.07 829.3565 1189.165 
          
        
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 5670.594 1 5670.594 1.500208 0.287835 7.70865 
 
Within Groups 15119.49 4 3779.872 
           
 
Total 20790.08 5 
            4 Anova: Single Factor 
             
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
9% 3 2488.07 829.3565 1189.165 
  
 
12% 3 2601.78 867.2604 1110.829 
                  
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 2155.066 1 2155.066 1.873976 0.242857 7.70865 
 
Within Groups 4599.986 4 1149.997 
           
 
Total 6755.053 5 
            5 Anova: Single Factor 
              
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
Column 1 3 1997.54 665.8458 155.3377 
  
 
Column 2 3 2247.27 749.0914 298.4035 
  
 
Column 3 3 2303.61 767.8715 6370.579 
  
 
Column 4 3 2488.07 829.3565 1189.165 
  
 
Column 5 3 2601.78 867.2604 1110.829 
          
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 72298.18 4 18074.54 9.904605 0.00166 3.47805 
 
Within Groups 18248.63 10 1824.863 
           
 
Total 90546.8 14 
            
 
Statistical Data Quality 
     
 
Parameters 
Column1 
(0%) 
Column2 
(3%) 
Column3 
(6%) 
Column4 
(9%) 
Column5 
(12%) 
         
 
Mean 665.846 749.091 767.872 829.356 867.260 
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Standard Error 7.196 9.973 46.082 19.910 19.243 
 
 
Median 672.693 757.909 733.121 830.847 855.307 
 
 
Standard Deviation 12.463 17.274 79.816 34.484 33.329 
 
 
Sample Variance 155.338 298.403 6370.579 1189.165 1110.829 
 
 
Skewness -1.726 -1.698 1.588 -0.194 1.406 
 
 
Range 21.925 30.990 147.849 68.920 63.362 
 
 
Minimum 651.460 729.188 711.322 794.151 841.556 
 
 
Maximum 673.385 760.178 859.172 863.071 904.918 
 
 
Sum 1997.538 2247.274 2303.615 2488.069 2601.781 
 
 
Count 3 3 3 3 3 
 
 
Largest(1) 673.385 760.178 859.172 863.071 904.918 
 
 
Smallest(1) 651.460 729.188 711.322 794.151 841.556 
 
 
Confidence Level 
(95.0%) 30.961 42.912 198.274 85.664 82.794 
  
Table E-34. ANOVA of moisture damage of unconditioned mixture 
Statistical analysis of Unconditioned tensile strength of ANSS Modified Bitumen 
Asphalt Mixture using ANOVA 
  
ITS Result for Unconditioned Test 
 
  
0% 3% 6% 9% 12% 
 
  
903.57 979.85 976.03 1046.42 1022.96 
 
  
871.49 919.98 971.81 996.29 1049.54 
 
  
883.50 863.41 1021.21 1046.41 1076.61 
 
 
Average 886.19 921.08 989.68 1029.71 1049.70 
         1 Anova: Single Factor 
             
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
0% 3 2658.57 886.1898 262.7069 
  
 
3% 3 2763.236 921.0787 3390.221 
          
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 1825.8493 1 1825.849 0.999664 0.373973 7.70865 
 
Within Groups 7305.8549 4 1826.464 
           
 
Total 9131.7042 5 
            2 Anova: Single Factor 
             
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
3% 3 2763.236 921.0787 3390.221 
  
 
6% 3 2969.054 989.6847 750.0413 
                  
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 7060.1677 1 7060.168 3.410493 0.13851 7.70865 
 
Within Groups 8280.5237 4 2070.131 
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Total 15340.691 5 
            3 Anova: Single Factor 
             
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
6% 3 2969.054 989.6847 750.0413 
  
 
9% 3 3089.127 1029.709 837.5249 
                  
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 2402.9341 1 2402.934 3.027192 0.15686 7.70865 
 
Within Groups 3175.1324 4 793.7831 
           
 
Total 5578.0665 5 
    
        4 Anova: Single Factor 
             
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
9% 3 3089.127 1029.709 837.5249 
  
 
12% 3 3149.106 1049.702 719.7774 
                  
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 599.57643 1 599.5764 0.770019 0.429756 7.70865 
 
Within Groups 3114.6047 4 778.6512 
           
 
Total 3714.1811 5 
            5 Anova: Single Factor 
             
 
SUMMARY 
      
 
Groups Count Sum Average Variance 
  
 
0% 3 2658.57 886.1898 262.7069 
  
 
3% 3 2763.236 921.0787 3390.221 
  
 
6% 3 2969.054 989.6847 750.0413 
  
 
9% 3 3089.127 1029.709 837.5249 
  
 
12% 3 3149.106 1049.702 719.7774 
          
 
ANOVA 
      
 
Source of Variation SS df MS F P-value F crit 
 
Between Groups 58750.505 4 14687.63 12.32127 0.000704 3.47805 
 
Within Groups 11920.542 10 1192.054 
           
 
Total 70671.047 14 
            
 
Statistical Data Quality 
     
 
Parameters 
Column1 
(0%) 
Column2 
(3%) 
Column3 
(6%) 
Column4 
(9%) 
Column5 
(12%) 
         
 
Mean 886.190 921.079 989.685 1029.709 1049.702 
 
 
Standard Error 9.358 33.617 15.812 16.709 15.490 
 
 
Median 883.504 919.977 976.031 1046.411 1049.539 
 
 
Standard Deviation 16.208 58.226 27.387 28.940 26.829 
 
 
Sample Variance 262.707 3390.221 750.041 837.525 719.777 
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Skewness 0.725 0.085 1.686 -1.732 0.027 
 
 
Range 32.081 116.436 49.405 50.133 53.657 
 
 
Minimum 871.492 863.412 971.809 996.292 1022.955 
 
 
Maximum 903.573 979.847 1021.214 1046.425 1076.612 
 
 
Sum 2658.570 2763.236 2969.054 3089.127 3149.106 
 
 
Count 3 3 3 3 3 
 
 
Largest(1) 903.573 979.847 1021.214 1046.425 1076.612 
 
 
Smallest(1) 871.492 863.412 971.809 996.292 1022.955 
 
 
Confidence Level 
(95.0%) 40.263 144.640 68.033 71.891 66.646 
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APPENDIX F – EQUATIONS 
Bulk specific gravity  
Gmb=
𝐴
𝐵−𝐶
 
Where 
Gmb= bulk specific gravity of compacted specimen  
A = mass of the dry specimen in air, g  
B = mass of the saturated surface-dry specimen in air, g, and  
C = mass of the specimen in water, g 
Air void content 
Va= 1 −
𝐺𝑚𝑏
𝐺𝑚𝑚
= 1 −
𝐺𝑚𝑏(1−𝑃𝑏)
𝐺𝑠𝑏
 
Where  
Va = Air void content, volume %  
Gmb=Bulk specific gravity of compacted mixture  
Gmm=Theoretical maximum specific gravity of loose mixture 
Gsb= Average bulk specific gravity for the aggregate blend 
Pb= Total asphalt binder content, % by mix mass 
Voids in the mineral aggregate 
𝑉𝑀𝐴 = Va − Vbe 
Where 
VMA=Voids in the mineral aggregate, % by total mixture volume  
Va= Air void content, % by total mixture volume  
Vbe= Effective binder content, % by total mixture volume 
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Total asphalt binder content 
𝑃b = = 100
 𝑀𝑏
𝑀𝑠−𝑀𝑏
 
𝑉b ==
𝑃𝑏 ∗ 𝐺𝑚𝑏]
𝐺𝑏
 
Where 
Pb = Total asphalt binder content, % by mix mass  
Mb = Mass of binder in specimen  
Ms = Mass of aggregate in specimen 
Vb = Total asphalt binder content, % by total mix volume  
Gmb = Bulk specific gravity of the mixture  
Gb =Specific gravity of the asphalt binder 
Absorbed asphalt content 
𝑉𝑏a =𝐺𝑚𝑏(
 [𝑃𝑏
𝐺𝑏
+
𝑃𝑠
𝐺𝑠𝑏
−
100
𝐺𝑚𝑏
) 
Where  
Vba= Absorbed asphalt content, % by total mixture volume  
Gmb= Bulk specific gravity of the mixture  
Pb= Total asphalt binder content, % by mix mass  
Gb= Specific gravity of the asphalt binder  
Ps = Total aggregate content, % by mix mass = 100 - Pb 
Gsb= Average bulk specific gravity for the aggregate blend  
Gmm= Maximum specific gravity of the mixture 
Effective asphalt content 
𝑉b𝑒 = Vb − Vba 
Where 
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Vbe = Effective asphalt content, % by total mixture volume  
Vb = Total asphalt binder content, % by mixture volume  
Vba = Absorbed asphalt content, % by total mixture volume 
Effective asphalt binder content 
𝑃b𝑒 = 𝑃𝑏
𝑉𝑏𝑒
𝑉𝑏
 
𝑃ba = Pb − Pbe 
Where  
Pbe= Effective asphalt binder content, % by total mass  
Pb= Asphalt binder content, % by total mass  
Vbe= Effective asphalt binder content, % by total mixture volume  
Vb= Asphalt binder content, % by total mixture volume  
Pba= Absorbed asphalt binder, % by total mixture mass 
The voids filled with asphalt 
𝑉F𝐴 = 100
𝑉𝑏𝑒
𝑉𝑀𝐴
 
𝑉F𝐴 = 100
𝑉𝑀𝐴−𝑉𝑎
𝑉𝑀𝐴
 
Where  
VFA= the voids filled with asphalt, as a volume percentage 
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APPENDIX G – SAMPLE PHOTOS 
 
  
 
ACV TEST 
Aggregate Gradation 
MTD Sample 
Mixing of Aggregate 
& Bitumen 
Mixing of Aggregate 
& Bitumen 
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ACV TEST 
Marshal specimen 
Marshal specimen Marshal specimen 
ITS Test 
ITS Test 
ITS Test 
